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SCIENTIFIC MEETINGS DURING MAY, 1950. 
LONDON. 
Thursday, May 4th, 1950, at 7.15 p.m. 


Tilden Lecture, Recent Advances in the Chemistry of the Steroids, by Professor 
F. S. Spring, D.Sc., F.R.LC. 


To be given at the Royal Institution, Albemarle Street, W.1. 
BIRMINGHAM. 
Friday, May 12th, 1950, at 4.30 p.m. 


Lecture, The Shape of a Chemical Bond, by Professor C. A. Coulson, M.A., D.Sc, 


Joint meeting with the University Chemical Society, to be held in the Main Chemistry 
Lecture Theatre, The University, Edgbaston, Birmingham. 


(Note : This date has been changed from May 5th.) 








NORTH WALES. 
Thursday, May 4th, 1950, at 5.30 p.m. 


Lecture, Light-seattering and Chemistry, by Dr. E. J. Bowen, M.A., F.R.S. 
Joint meeting with University College of North Wales Chemical Society to be held in the 
Department of Chemistry, University College of North Wales, Bangor. 
OXFORD. 
Monday, May \st, 1950, at 8.15 p.m. 


Alembic Club Lecture, The Bieehemistry of Fiuoroacetate Poisoning and its 
Significance, by Professor A. R. Peters, M.C., M.A., F.R-S. 


To be given in the Physical Chemistry Laboratory, Oxford. All Fellows are invited. 
Monday, May 15th, 1950, at 8.15 p.m. 


Alembic Club Lecture, Some Problems in the Chemistry of Starch and Glycogen, by 
Professor E. L. Hirst, D.Sc., F.R.S. 


To be given in the Physical Chemistry Laboratory, Oxford. All Fellows are invited. 











SOUTHAMPTON. 
Friday, May 5th, 1950, at 5 p.m. 
Lecture, Recent Synthetical Developments in Pyrethrum Chemistry, by Dr. S. H. 
Harper, A.R.C.S. 


Joint meeting with University College of Southampton Chemical Society to be held in the 
Physics Department, University College, Southampton. 











PROCEEDINGS 


CHEMICAL SOCIETY 


held in the Main Chemical Lecture Theatre of the University, Edgbaston, Birmingham, 
on Friday, February 10th, 1950, at 4.30 p.m. 


The President, Sin Lan Hetiprow, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


Opening the meeting, the President expressed his pleasure in taking the Chair at an 
Official Meeting of the Society in Birmingham. He also conveyed the cordial thanks of 
the Officers and himself to the University. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: L. L. Bircumshaw, Harold C. 
Smith, James C, Robb, Hamish R. Cooper, John C. Bevington, P. Cowley, Leslie Valentine, 
Norman Grassie, L. F. Thomas, F. M. Tayler, L. F. J. Parker, Marjorie L. Hilton, W. M. 
Corbett, R. P. Smith, H. J. Yardley, K. W. Somerton, C, T. Greenwood, B. H. Newman, 
A. B. Foster, S. Laland, K. Butler, F. Shafizadeh, D. A. Higgins, W. J. M. Philpott, 
K. S. Barclay 


LECTURE 


The President delivered a lecture entitled, “ Fifty Years of Organic Chemistry.” 
At the conclusion of the address, Sir Norman Haworth proposed a vote of thanks to the 
President which was carried with acclamation. 


Minutes of a 
SCIENTIFIC MEETING 


held in the Lecture Hall of the Institution of Mechanical Engineers, Storey'’s Gate, S.W.1, 
on Thursday, February 16th, 1950, at 7.15 p.m. 


The President, Sir !AN Heripron, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


MINUTES 


The Minutes of the Scientific Meetings held at Burlington House on February 2nd, 
and at the University of Birmingham on February 10th, 1950, were read, and were con- 
firmed and signed 


APPOINTMENT OF SCRUTATORS. 


Mr. M. F. Ansell and Mr. M. J. Birchenough were appointed Scrutators for the ballot 
for the election of a Vice-President, who has not filled the Office of President, and Elected 
Ordinary Members of Council. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society - Eileen Blackall, Katherine East, 
Walter H. Lee, Herchel Smith, Alan Fowler Williams. 





was carried with acclamation. 


held in the Main Chemistry Lecture Theatre of The Imperial College of Science and Tech- 
nology, 8.W.7, on March 2nd, 1950, at 7.15 p.m. 


The President, Str law Hertpron, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


MINUTES. 
The Minutes of the Scientific Meeting held at the Institution of Mechanical Engineers, 
Storey’s Gate, $.W.1, on February 16th, 1950, were read, and were confirmed and signed. 


VACANCIES OF COUNCIL 1950. 
A list of the nominations received for vacancies on Council 1950 was read. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: Alec Webster, S. F. 
Peter Wade, D. A. A. Kidd, B. Bannister, C. T. Blood, Cecil L. Leese, K, R. 
C. C. J. Culvenor, J. A. Coles, H. J. Cottrell, F. P. Doyle. 


CENTENARY LECTURE. 

After a brief introduction the President called upon Professor Dr. Pl. A. Plattner to 
deliver the Centenary Lecture entitled “‘ The Azulenes.”” The lecture was followed by a 
discussion, and a vote of thanks to the Lecturer, proposed by Professor R. P. Linstead, 
was carried with acclamation. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 
Charles Samuel Bedford (Ripon Dec. 7th, 1916, Nov, 23rd, 1949. 
Charles Lester Gabriel (Philadel , Pa.) May 20th, 1943. November, 1949. 
Sir (Edmund) Vivian Gabriel (New York) Feb. 16th, 1899. Feb. 15th, 1950. 
James MacLeod (Glasg May 4th, 1899. Nov 18th, 1949. 
Sydney Walter Morris (Barking) Feb. 20th, 1919, Nov. 28th, 1949. 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Council to the following Fellows 
who completed 60 years of Fellowship on February 6th, 1950 : 


Sydney Hoare Collins (Worthing). 
Edward Russell (Bristol). 


and to the following who completed 50 years of Fellowship on February 15th, 1950: - 


Alexander Hutcheon Bennett (E.C.3). 
Alexander Findlay (Beckenham). 

Alan Wilfrid Menzies (New Jersey, U.S.A.). 
Edgar Ford Morris (Surbiton). 
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ELECTION OF NEW FELLOWS. 
The following 213 candidates were elected Fellows of the Society on February 16th, 





William Eric Addison 
— Alan Alexander 

nest James Alford 
Alan James Anderson 
Wilham Anderson 
Raymond Cecil Asher 
Robert Oldham Atkinson 
ohn Walter Babbas. 
Jone Martyn Bailey 

homas Arthur Banfield 
Wilham Arthur Shute Barbour 
pate Herbert Barnes 

yril Peter Barry 
Herbert Geoftrey Charles Bates 
Brian Batterbee 
Viadimir Hazant 
Frederick Walter Beech 
Charles Otto Beckmann 
Donald Peter Benton 
Lionel Frederick Bernamont 
Kekhusroo Rustomji Bharucha 
Malcolm Hugh Blair-McGuthe 
Cyril Thomas Blood 
— Bernard Bookey 

obert Alwyn Bottomley. 
Lestie Bradford 
Wilham Ewart Braybrooks 
Donald Frederick Broadbridge. 
Donald Douglas Brown 

ohn Watson Brown 
Joseph Frederick Bunnett 
lennis Caldwell 

Tod Wildy Campbell 

ohn Fulton Carson, jun 
Jot Cast 
Marco Antonio Cecchini 
Konald John Christmas 

oho Wilham Clark- Lewis, 
ohn Alexander Coles 
——— Walters Corse 

ronald J. Cram 
Ernest George Cammins 
Arnold Cram Cuthbertson 
ames Joseph Daly 

iyp Jose *h Dauben, jun, 
Wihiam Garfield Dauben 
Lewis Maldwyn Davies 
Donald West Davicson 
Boyce lan David Davis 

ack Davis 
Jonn Edward Davis 
Stanley Joseph Davis 
Peter Alan Dent 
Leslie Creughton Dick 
Raymond M. Dodson 

Frank Peter Doyle 

Kenneth Douglas Drakeley 
David Geotirey Elias 

john Gwynant Evans 
Gordon James Faulkner 
Thomas Edward Fletcher 
Leslie Harry Ford 

Borivoy Richard Simon Franko-Filipasic. 
Charlies Aubrey Friedmann, 


Mrs. Betsy Morse Fries 
William David Garden. 
Theodore Albert Geissman 
Samuel Michael Gerbert 
Brian Montague Gibbs 
ohn James Gledhill 
tarry Goddard 
Allan P. Gray 
Roy Reginald Gunton 
Michael Geoffrey Hall 
George Gerrard Halliday 
Robert Halstead 
Douglas Harrison 
Margaret Harte 
Ernest Alfred Harvey 
Alwyn Aubrey Haslam 
Donal Herbert Hayes 
Edith Erna Heilpern 
Fritz Jacob Hermann 
— Arnot Horn 
“ric Housley 
Bran Keith Howe 
David Moore Howell 
Donald Albert Howes 
joseph Ephraim Ho- Yen 
Joyd Lewis Ingraham 
Michael David jesse Isaacs 
Doreen Ismay 
Frank Pace Johnson 
ohn Terrence George Johnson. 
Villiam Summer Johnson 
David Morris Jones 
Norman Frederick Kies 
Norman Percival King 
orsef Kiss 
fenry Marcell Kissman 
Edwin Coulthard Knight 
oszef Kovacs 
fans Konrad Kriisi 
Walter Edward Laird 
Arnold Cooper Lee 
Henry Ramsden Lee 
Walter Lee 
Cecil Leshe Leese 
Alfredo Levy 
Donald George Lewis 
Reginald Norman Lewis. 
Michael George Lines 
Frederick Lishman 
Anthony Blair Littlewood. 
Agnes Lothian. 
Martin Lovett 
John Martin Lowenstein 
ric Royle Lynch 
Svbil Brndget Roche Lynch. 
Bernard John Lyons 
eremiah Patrick McCarthy 
john Archibald McEwan 
James Eric McIntyre 
Kenneth Erskine Macphee 
Wilham Denis Maniece 
Lewis Theodore Mann 
Stanley Frederic Marnan 
George Keginald Marshall. 





ohn William Stevens. 
jilliam Fredenck Stones. 


Kaymond Geo George ge Douglas Osmond. 
Robert acon fe Packer. 
David Lord Pain 
Dennis Vernon Parke 
Kenneth John Parker 
Albert Keith Parsons. 
Roy Paulson. 
Alan George eee. 


David Pentland Veitch. 
Peter Wade. 
David Ronald de Mey W 


Alfred Bentley Webster. 
Norman Lord Wendler. 
Alan James Eckersley Rigby. 
ae oy Murphy Roberts. I 
Donald Robinson. Frederick Allan Whittaker. 
ar Robert R pm ames — 
m Raymon "Ruby. 
David Ruxton. 
Hans Eduard Schmid. 
William Sharpe. rthur James ( Cochran Wilson. 
Norman Sheppard. ohn Charles Wiltshire. 
Harold Silman. lfred Alexander Woolf. 
Edward John Skerrett. James Bryan Lonsdale Worthington. 
Henry Alistair Skinner. 


MEETING OF COUNCIL. 

A Meeting of Council was held on February 16th, 1950. 

The Report of the meeting of the Publication Committee held on January 19th, 1950, 
was adopted. This Report contained a recommendation that the practice of taking 
custody of manuscripts intended for publication only at a later date should cease. 

The Report of the meeting of the Joint Library Committee held on January 25th, 
1950, was received, and it was agreed to purchase a modern micro-film reader to replace 
the model already used in the Library. 

The Report of the Chemical Council for 1948 was also received. 

It was reported that the thanks of the Society had been conveyed to Dr. A. F. Campbell 
for a gift of the Society's publications. 

Certain matters of a formal and financial nature were conducted. 


RESEARCH FUND. 

A meeting of the Research Fund Committee will be held in June next. 

Applications for Grants, to be made on forms obtainable from the General Secretary, 
must be received on or before May Ist, 1950. Applications from Fellows will receive 
prior consideration. 

Attention is drawn to the fact that the income arising from the Donation of the Wor- 
shipful Company of Goldsmiths is principally devoted to the encouragement of research 
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Inorganic and Metallurgical Chemistry, and that the income from the Perkin Memorial 
is to be applied to investigations relating to problems connected with the Coal Tar 
Allied Industries. 


MEETINGS OUTSIDE LONDON 
AUSTRALIA. 

“ Some Properties of Soap Solutions,” by Professor A. E. Alexander, M_A., Ph.D. 

A joint meeting with Sydney University Chemical Society was held in the Lecture 
Theatre of the Chemistry Department of the University on February 8th, 1950, with 
Dr. S. J. Angyal in the Chair. 

The Lecturer confined his attention mainly to the properties of the soaps as micelles. 
The oriented nature of the micelle formation, consisting both of ions and fatty acid, 
enabled substances like phenol to dissolve in the inner phase, and orient themselves in 
the same way. The percentage hydrolysis plotted against concentration shows a maximum 
and a minimum. At the critical concentration, which is half the concentration at the 
maximum point, the ratio of soap ion to free acid is unity. A formula was also derived 
from which the ratio of free acid in the micelle to that in the solution could be calculated. 
The alcohols (progressively more effective as the chain length increases) reduce hydrolysis 
by di ing the free acid in the micelle. 

X-Ray-diffraction studies suggested that in very concentrated solutions, the micelles 
were built up in oriented lamellar form, but the most satisfactory interpretation pro- 
poses a structure of spherical micelles, held apart by forces of repulsion. 

The Lecturer also dealt with viscosity and osmotic pressure of soap solutions and 
methods of arriving at the size of the micelle, which at the condition of minimum viscosity 
of solution, is approximately spherical. 

At the conclusion, a vote of thanks to the Lecturer, proposed by Dr. T. Iredale, was 
carried with acclamation. 


CAMBRIDGE. 

“ Reaction Mechanisms in Organic Chemistry,’ by Professor E. D. Hughes, F.R.S. 

A joint meeting with the University Chemical Society was held in the Chemical 
Laboratory, Cambridge, on February 3rd, 1950, with Professor A. R. Todd in the Chair. 


After a lively discussion, Dr. G. W. Kenner thanked the Lecturer on behalf of both 
Societies. 


EDINBURGH 
“ The Planning of Semi-technical Scale Experiments,’ by Dr. R. Holroyd. 


A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the North British Station Hotel on February 23rd, 
19%), with Dr. I. A. Preece in the Chair. 

Dr. Holroyd gave an authoritative «nd fascinating account of the difficulties encoun- 
tered in converting semi-technical processes into full-scale production, and outlined by 
way of an epilogue some of the qualities and qualifications required by the research 
chemist in industry. A brisk discussion followed, and a vote of thanks, moved by 
Mr. F. ]. Bolton, was carried with acclamation. 


GLASGOW 


“ Recent Advances in the Chemistry of the Steroids,” by Professor F. S. Spring, 
D.Se., F.R1A 


A meeting was held in the Royal Technical College on January 27th, 1950, with Pro 
fessor J. W. Cook, in the Chair. 
The Lecturer gave an extremely clear exposition of the history of steroid chemistry 
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pene fag pent pera tr sprees or end Go acteanet unne of he wank n 
now going on was described. 

At the conclusion of the lecture a vote of thanks was moved by Professor P. D. Ritchie 
and carried with acclamation. 

LEEDS. 

“ The Basis of Chemotherapeutic Research,”’ by Dr. F. L. Rose, O.B.E., F.R.LC. 

A meeting was held in the Chemistry Department of the University on January 30th. 
1950, with Professor F. Challenger in the Chair. 

The Lecturer gave an account of the principles underlying the choice of substances 
likely to be of therapeutic value, and considered especially their rates of assimilation 
and elimination from the system. Examples were taken from compounds used against 
malaria and trypanosomiasis. 

After an interesting discussion the thanks of the meeting were expressed by Professor 
R. E. Tunbridge. 


“Some Recent Applications of Dipole-moment Measurements to Molecular Struc- 
ture,”’ by Professor H. D. Springall, M.A., D.Phil., F.R.LC. 

A joint meeting with the University Chemical Society was held in the Chemistry 
Department of the University on February 2Ist, 1950, with Dr. G. A. Jeffrey in the 
Chair. 

Following a showing of Parts IV and V of the Gaumont-British Film “ Atomic 
Physics,”’ the Lecturer gave an account of the principles underlying the determination of 
dipole moments. He then discussed the application of the method to the investigation 


of the molecular structure of a number of compounds including pentaerythritol nitrate, 
the sydnones, and typical proteins. 

After an corer peer discussion the thanks of the meeting were expressed by Mrs. 
E. M. Carson 


LIVERPOOL. 


“Some Aspects of Aromatic Substitution: the influence of Temperature and 
Catalysts,” by Professor J. P. Wibaut, D.Sc. 

A meeting was held in the Chemistry Lecture Theatre of the University on February 
10th, 1950, with Professor A. Robertson in the Chair. 

During his very stimulating lecture, Professor Wibaut dealt with the change from a 
nucleophilic reaction to a free-radical mechanism of substitution that occurs with halogens, 
and in particular with bromine, as the temperature rises, and with the concomitant remark- 
able change in the positions of substitution. 

A vote of thanks, proposed by Professor T. P. Hilditch, was carried with acclamation 


SOUTHAMPTON. 

“ Modern Inorganic Stereochemistry,"’ by Dr. R. S. Nyholm. 

A joint meeting with the University College Chemical Society was held in the Physics 
Department of the University College on February 17th, 1950, with Dr. A. R. Burkin in 
the Chair. 

Dr. Nyholm considered first the relationship between the steric properties of bond 
orbitals and the components involved in the hybridisation process, and discussed the 
application of magnetic-susceptibility measurements to the study of inorganic stereo- 
chemical problems. He then gave a detailed account of recent work on selected co- 
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ordination compounds of nickel, iron, and cobalt, and the determination of their probable 
structures. 


After the discussion, a vote of thanks, proposed by Mr. J. Ramsay, was warmly accorded 
to Dr. Nyholm 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates showld communicate with the 
Honorary Secretaries withom ton days of the date of publication of the Journal for March, 1950. Such objec- 
thoms will be treated as confidential, The forms of application are available in the Library.) 


*Andrews, Patrick. [iritish. 114, Englisheombe Lane, Bath. Student at Bristol University. Signed 
by - J. K.N. Jones, F. H. Pollard, L. Hough 

*Baker, Brian, Sc. (Birm). British. Chemistry Department, The University, Edgbaston, Birming 
ham, 15. Research Student. Signed by L. L. Bircumshaw, H. W. Melville, M. Stacey 

*Brady, Milton Neil, 1 Sc. (Sydney). British 1, Joseph Street, Lidcombe, N.S.W., Australia. Re- 
search Student. Signed by  T. Iredale, L. E. Lyons, H. G. Holland 

Anthony Clifford, 1 S<. (Lond). British 112, Rownhams Road, Maybush, Southampton 
HM. Forces. Signed by : 1. G. M. Campbell, N. B. Chapman, R. E. Parker. 

Chemerda, John Martin, MS. aod PhD. (Mich) American. 8090, Jacques Avenue, Rahway, New 
Jersey, USA. Senior Research Chemist at Merck & Co., Inc., New Jersey. Signed by: E. M 
Chamberlin, C. BR. Addinall, M. Tishler 

British. 1%, Stockton Road, West Hartlepool. Student. ‘Signed by AH 
Lamberton, |. Barrott, H. J. V. Tyrell 
B.A. (Cantab.). British. Holgate House, Irton, near Scarborough. Student 
FG. Mann, P. Sykes, B. Lythgoe 

*Cornish, John William, I} Sc. (Lond). [iritish. 7, Claredale Estate, Bethnal Green. E 2. Chemist 
Sagned by - T. G. Saunders, 1. G. Holden, F. A. Askew 

“Dean, Norman Basil, i} S< (lL pool). British 108, Meols Parade, Hoylake, Wirral. Research 
Student at Liverpool University. Signed by  W. B. Whalley, J. C. Roberts, A. McGookin 

Marry Derek, 1i.S<. and Ph.D. (Lond), AR.IC. British. Elliott & Sons, Barnet. Head 
of Research. Signed by - E. de Barry Barnett, V. Gallafent, F. P. Doyle 

“Egien, James Ronald, 1i.Sc. (Leeds). British. Church Hill, Bramhope, near Leeds Student at 
Leeds University. Signed by > W. A. Wightman, P. A. Briscoe, F. R. Goss 

*Pielding, Peter Eric. [ritish. 10, Nicholson Street, Chatswood, Sydeey, Australia. Student 
Sigued by  T. Iredale, L. E. Lyons, H. G. Holland 

*Prancis, Neil Robert. firitish 35, Devonshire Way, Shirley, Croydon. Student at Nottingham 
University. Signed by: D. O. Jordan, C. C. Addison, B. D. Shaw 

Murray Alexander Mungo, f).S«. (South Africa). South African. clo Barclays Bank (D< 
& ©), |, Cockspur Street, W.1. Industrial Chemist. Signed by: D. T. Willams, F. L. Tye, 
Kh. W.V. Hawes 

Hall, John Panton, § % and Ph. (Lend), ARCS. British, P.O. Box 616. Nairobi, Kenya. 
Coosalting Chemist. Signed by. R. P. Linstead, H. N. Rydon, D. G. Harvey 

Harper, Frank Elias, 1) S<. (lounelm). British 18, Derwent Road, Thornaby-on-Tees. Senior Assis- 
tant Technical Officer (Chemistry), 1.C.1. Ltd. Billingham Division. Signed by T. A. Kletz, 
D. R. W. Wilson, L. R. Pittwell 

*Holding, Arthur Frederick LeCore. liritich. 6. Tavistock Avenue, Perivale. Greenford. Student 

}. MeGhie, V. Moss, J. F. Cavalla 
Alexander, M Sc. (NZ), PRD. (Cantab) British 3a, Gonville Place, Cambridge 
Research Officer, CS.1.R.0. Signed by - S. M. Partridge, T. Swain, C. H. Lea 

Jalietti, Frederick John. firitish 18 Kinnaird Avenue, Chiswick, W4. Stadent at Chelsea Poly- 
ter hn ry he, J]. MeGhie, A.M. James, J. F. J. Dippy 

*Kilkenny, Bernard Crook, A (Oxon) Briteeh New College, Oxford. Research Stadent Signed 
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From Messrs. Whiffen & Sons, Ltd. 
GIVAUDAN-DELAWANNA, Inc. The Givau- 
dan index. Specifications of synthetics and 
isolates for perfumery. New York 1949 
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Horrrr, F. Dictionnaire de chimie et de 
physique. Paris 1846. pp. ii + 478. ill. 
(Reference) 
From Bedford College for Women. 
InstirutTe oF Puysics. British Journal of 
Applied Physics. Vol I, ete. London 
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all users of 
laboratory chemicals. 
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KARL FISCHER METHOD 
FOR THE VOLUMETRIC 
DETERMINATION OF 
WATER 


ate tye 


KARL FISCHER REAGENT: Single solution of 
water-equivalent approx. 5 mg. per ml. Ready for 


immediate use. This reagent is prepared from AnalaR 
grade chemicals and is very stable. Suitable for both 
visual and electrometric determinations. 


STANDARD METHANOL|[WATER SOLUTION: 
For convenience in back titrations this reagent has 
approximately half the equivalent strength of the 
Fischer reagent. An accurate standardization figure 
is supplied with each bottle. 
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Supplied in litre or half-litre standard packages, 
these reagents are readily available from :— 


HOPKIN & WILLIAMS LTD. 


FRESHWATER ROAD, CHADWELL HEATH, ESSEX 
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Sp. gr. at 1SS'/1SS°C .. 907.0909 Solvent for. 
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Distillation range 98%, 76°-76°C 
Acidity (as acetic acid) . 001%, (max) 
Ester content ‘ 99-100° . 
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Moisture re Free colours, and synthetic resins in quick- 


Residue 0-001%,, (max) drying printing inks. 
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METHYL ISOBUTYL KETONE 
for the chemical industry 


Methyl! Isobuty! Ketone is rapidly becoming a 
most valuable chemical for industrial use. 

As @ solvent. A medium-boiling solvent for 
nitro-cellulose, its exceptionally high toluene 
dilution ratio and the low viscosity of the 
solutions produced make it particularly 
attractive in the surface coating field. 

As an extractant. Methyl Isobutyl Ketone 
possesses similar solvent properties to Acetone 
and Methyl Ethyl Ketone and is of value in 
processes where low volatility and very low 
solubility in water are required. 

As a raw material. Methyl Isobutyl Ketune 
shows the typical reactions of an aliphatic ketone 
and may be chlorinated, oxidised or condensed 
with aldehydes and aromatic compounds. 

Shell Methyl Isobutyl Ketone is produced to a 
high degree of purity and conforms to a rigid 
marketing specification 





SPECIFICATION | 
Purity: Minimum 99°, Methyl 
Isobuty!l Ketone by weight. 
Specific Gravity at 20/20°C. 0-800- 
0-804. | 
Coloer (platinum<cobalt standard, | 
Hazen) : Maximum 15. 

Acidity (other than carbon dioxide) 
Maximum 001°, weight (as acetic 
acid). 

Distillation Range (A.S.T.M. D268) 
Below 114°C. : none. Above 117°C.: 
none 

Water : No turbidity when {| volume | 
is mixed with 19 volumes of LP. | 
Petroleum Spirit at 20°C 








Technical Information Sheets are available on request. 
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Waeleer Howse, Bedterd Sereet, Londen. WCl Telephone Temple Bar 4455 
2, Oeanagece, Manchester} ‘elephene Deansgate 645 
King Edward House, New Sereet, Birmingham 2 Telephone = Midland (742 
3B. Se. Enoch Square, Glasgow Ci Telephene Glasgow Central 956! 
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This piece of accurate work was put forward in Scott's thesis for D.Sc. of Edinburgh 
University (1883). 

Composition of Water by Volume.—Time was found for his researches while in the North, 
and the paper (1888) on the composition of water by volume comes from his laboratory in 
Durham School. In a later paper on the same subject from Cambridge, he refers to this as a 
preliminary note on a subject on which no work has been done since the time of Gay-Lussac 
and Humboldt. 

In Professor Partington’s book on “ The Composition of Water " (London, G. Bell & Sons, 
1928) will be found a historical account of the earlier work on this subject by Cavendish, 
Lavoisier, Monge, Priestley, Gay-Lussac, and Humboldt and details are given of the experimenta! 
methods of Dumas, Morley, Scott, and Burt and Edgar. Partington quotes from Scott's paper 
(1894): “ Throughout I have endeavoured to use the simplest apparatus possible and to prepare 
the gases themselves from only the purest materials, and those of the simplest composition that 
I could find, so that no purification should be required and all unnecessary contact with other 
chemical substances avoided, to work with an apparatus of glass throughout, so that no diffusion 
could take place, and finally, so to work, that with a given amount of materials, I might compare 
the gas given off in the first fractions continuously to the last fractions, and thus endeavour to 
detect any possible impurity, either by variation of the ratio, or by actual observation from the 
residual gas.” 

Then follow descriptions of the sources of the hydrogen and of the oxygen, and a sketch of 
Scott's apparatus is reproduced. Partington remarks on the high degree of precision, very pure 
gases being used, the gases measured with great accuracy, their temperature and pressure being 
carefully controlled throughout the experiment, and the analysis of the residual! gas being exact. 

Examples of typical experiments are given in the paper, and the ratio of oxygen to 
hydrogen by volume is found to be | : 20045 at temperatures of 14° to 18", both gases being 
measured at the same temperature. If, however, the values for the coefficient of expansion of 
oxygen and hydrogen are taken into account the value of 200285 at 0° is found for the ratio of 
the combining volumes. This value, combined with the value 15°882 for the ratio of densities 
found by Lord Rayleigh, gives the atomic weight of oxygen 15°862, and, if oxygen is taken as 
16, of hydrogen 1-008, the present accepted figure being 1:0078. 

In a very accurate series of experiments in 1915 Burt and Edgar made use of facilities not 
available to Scott, and measured the gases actually at 0° and | atm., thus avoiding the correction 
for expansion. They obtained for the above ratio 1 : 200288. 

Atomic Weight of Carbon.—In a review of the various determinations of the atomic weight of 
carbon (1897), Scott called attention to discrepancies among these and indicated possible sources 
of error. Already Dewar and Scott (1883) had employed another method—that of titrating with 
silver the bromine in the hydrobromide of triethylamine, but the results were disappointing 
on account of the difficulty of getting pure triethylamine together with a slight tendency of its 
hydrobromide to hydrolyse. 

Scott returns to the subject (1909) when he uses the elegant method of titrating tetra- 
alkylammonium bromides, choosing these because of their relatively stable character and easy 
purification. This paper gives the details of his experiments on titrating tetra-alkylammonium 
bromide with silver and, with the same silver, ammonium bromide. By subtraction the 
equivalent of a hydrocarbon C,H,, is derived. Thus with silver at 107°88, the atomic weight of 
carbon is found to be 12-017 from tetramethylammonium bromide, the present accepted figure 
being 12°010, silver being 107-880. 

By another method in which carbon monoxide and oxygen were exploded in the apparatus 
used for determining the composition of water by volume (1894) a value of 11°99 was deduced 
for carbon (1904). 

From a few experiments (1909) on the combustion of naphthalene and of cinnamic acid, the 
value of the atomic weight of carbon comes out at C = 1200. “ The cause of the discrepancy 
between these results and those derived from the alkylammonium bromides remains still to be 
discovered.” 

Atomic Weight of Nitrogen.—By the titration of ammonium chloride and bromide against 
silver Scott obtained results lower than those of Stas, and this has been confirmed especially 
by Lord Rayleigh and by Whytlaw-Gray who, using nitric oxide (J., 1906, 87, 1601), obtained 
14°01, practically the same value as Scott. The most recent International Tables give 
N = 14°008 

Atomic Weight of Tellurium.—This is described as a preliminary notice (1902) and has the 
object of confirming the value for the atomic weight of tellurium, which has an anomalous 

3D 








766 Obituary Notice. 


position in the Periodic Table in being higher than that of iodine. Scott's method was to make 
careful determinations of the halogens in the stable salts trimethyltellurium bromide and iodide. 
Taking the values O = 164, C = 12°00, H « 10075, I = 12695 and Br = 79°95 tellurium was 
found to have an atomic weight of 127°7, the value given in the recent tables being 127°61. 
Tellurium with its abundance and range of isotopes thus occupies in anomalous position in 
the Periodic Table with regard to iodine which has none. 

Other Papers.—-These are either of genera! interest such as a new series of mixed sulphates 
of the vitriol group (1897), a new sulphide of arsenic (1900), the vapour density of hydrazine 
hydrate (1904), correction of weighings in air to vacuum (1909); or are descriptions of methods 
for preparing substances used in determinatior of atomic weight, such as preparation of pure 
hydrobromic acid (1900), of alky! derivatives of sulphur, , and telluriam (1904), and of 
pure bromine (1913). 

Services to Art and Archa@ology. (By De. H. }. PLenperterrn.)—Scott’s contribution to the 
problems of art and archeology was characteristically that of the experimenter and teacher 
rather than the writer of textbooks, and his aim was to discover and publish simple methods of 
treatment that would be safe in the hands of those not having the advantage of a technical or 
scientific background. 

A great source of inspiration was his visit to Luxor for the winter season (1023-—1924) at the 
invitation Howard Carter to act as consulting chemist in devising methods of preserving the 
objects from Tut-Ankh-Amun’s tomb. It was this intimate study of antiquity in the field in all 
its frail beauty and the confidence that science had so much to contribute that provided him with 
the incentive to create a permanent scientific service in the the British Museum. 

If primarily concerned with the problems of metallic corrosion or saline incrustations in 
exhumed material, work at the British Museum soon developed important off-shoots scarcely to 
be anticipated in the carly days. For example, a body of knowledge was gradually acquired 
which could be applied to differentiate the genuine antiquity from the false or to classify types 
of ethnic culture and solve problems of age and provenance. The value of such work could be 
assessed in terms understood and appreciated by H.M. Treasury. Once established on a 
permanent basis it was possible to afford unstinting help to other institutions, museums, libraries 
and picture galleries 

It was not to be expected that intricate operations would be undertaken by a man of his 
years; what was of lasting value was the standing that science was given in museum and gallery 
circles by his great knowledge, his strong personality and his genius for friendship in all walks of 
life. His advice was sought from every quarter of the civilised world and freely and promptly 
given wherever it would be of value in the interests of art, archwology or science. 

This was his contribution : to represent science as the servant of the arts, to disarm suspicion 
where it existed, to demonstrate what might by this {ruitful liaison be achieved and thus to lay 
the foundation for a partnership between art and science of mutual benefit for all time. 





Alexander Seott died at Ringwood, Hampshire, on 10 March 1947. In 1906 he married 
Agnes Mary, daughter of Dr. W. J. Bliassell, F.R.S., and leaves no family. 


In the preparation of this Notice, I have been indebted to Dr. Scott's widow and his family 
for biographical material, and very notably to Dr. H, |. Plenderleith, Scott's successor as Director 
of the British Museum Laboratory, for his contribution on the period 1919 to 1938, and for his 
appreciation of Scott's Services to Art and Archeology.” 
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152. The Effect of Varying the Cation in Some Organic 
Reactions requiring an Alkaline Medium. 
By O. L. Brapy and J. Jaxonovrrs. 


In the methylation of lactam-lactim tautomerides in alkaline media with methy! sulphate 
the nature on the alkali appreciably alters the ratio of O- to N-methylation, the most marked 
difference being between sodium hydroxide and a tetra-alkylammonium hydroxide. 

In the Reimer-Tiemann reaction, with sodium hydroxide the ratio of ortho- to para- 
substitution is ——— 2:1, with caesium hydroxide 1:1, and with methyltriethyl- 
ammonium hydroxide | : 

Kinetic studies have oe made of the hydrolysis of a number of esters. With methyl! 
sulphate, in 0-1 ~-alkali in aqueous methyl alcohol, change of alkali has little effect; but with 
ethyl sulphate in IN-alkali in aqueous methyl alcohol, passing from sodium hydroxide to 
methyltnethylammonium hydroxide doubles the rate constant. 

The hydrolyses of alkali alkyl ph “4 Cc CoRte(COM)COR. where M is Na or NMeEt,, 
with the corresponding alkali ycirnide Be ¢ in rate const in aq 
solution, but in aqueous methyl alcohol ~— Sparetyale when M = Na has a rate constant 
about ten times that found when M = NMeEt,. 


An explanation of these results is suggested depending on formation of co-ordination 





It has long been known that use of sodium and silver salts often gives different products in 
the alkylation of compounds capable of tautomerism, ¢.g., in the methylation of isatin, cyanides, 
and nitrites, but the fact that these reactions are often, of necessity, carried out in hetereogenous 
media, with the solid salt, has deterred speculation on the causes of the different directions 
in which they proceed. A classical example of the effect of a change of metal within the same 
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group of the Periodic Table is the Kolbe-Schmidt reaction, in which sodium phenoxide heated 
under pressure with carbon dioxide gives sodium salicylate but potassium phenoxide under 
similar conditions gives a large proportion of potassium p-hydroxybenzoate (Kolbe, J. pr. Chem., 
1874, [ii], 10, 95; Brunner, Annalen, 1907, 351, 326; Tijmstra Bz, Ber, 1005, 38, 1375; 
Johnson, J. Amer. Chem. Soc, 1933, 55, 3029). Neogi (/., 1906, 89, 1900; 1914, 105, 2371. 
1916, 109, 701) found that when a sodium alkyl sulphate was fused with sodium nitrite the 
ratio of the yields of alkyl nitrite and nitroparaffiin was 0°36: 1, whereas it was 10: 1 when 
the potassium salts were used. Here again solid salts were employed. 

Graebe (Annalen, 1905, 340, 244) noted that dry potassium benzoate gave, with methy! 
sulphate, a better yield of methyl benzoate than was obtained from sodium benzoate, and 
that potassium benzoate was methylated by potassium methy! sulphate more readily than by 
sodium methyl sulphate, Ullmann (Ber., 1900, 83, 2774; Annalen, 1902, $27, 104) found that 
phenols were methylated equally well in sodium hydroxide or potassium hydroxide solution or 
im the form of the solid sodium or potassium phenoxide. Klemenc (Monatsh, 1917, 38, 553) 
found that, in the methylation with methyl! sulphate of quinol and resorcinol in aqueous alkali, 
potassium hydroxide gave a much smaller yield than sodium hydroxide, suggested that the 
former hydrolysed methy! sulphate faster than did the latter, and confirmed this by measuring 
the rate constants of the heterogeneous hydrolysis of methy! sulphate by n-alkali at 11°, finding 
Axon/*ysou = 1°25 

These reactions were carried out in a heterogeneous medium and might be accounted for by 
different rates of diffusion of methy! sulphate into the alkaline solutions, or by greater solubility 
of methyl! sulphate in potassium hydroxide solution, as well as by a specific effect of the cation. 

Walden and Centnerszwer (Z. Elehtrochem., 1909, 15, 310) however, measured the rate 
constants of the reaction ‘ 

Me,SO, + MCNS « MeCNS + MeMSO, 





where M «~ Na or K, in homogeneous methy! alcoholic solution and found for 0-5~-solution 
ay /hy, @ 1°14, for 0 25~-sclution 1:06, and for 0°125x-solution 1°34, 

Other reactions are recorded in which the rate constants with different alkalis appear to be 
unchanged; for example,’ Meyer (Z. anorg. Chem., 1921, 115, 212) could not detect an 
appreciable difference in the rate constants for the hydrolysis of ethyl acetate by the hydroxides 
of lithium, sodium, potassium, rubidium, and casium in approximately n./10-solution. It 
will be shown later, however, that this is too low a concentration to show an effect of variation 
in the cation. 

Reimer and Tiemann (Ber., 1876, 9, 824) state that, contrary to experience in the Kolbe- 
Schmidt reaction, in their synthesis of hydroxy-aldehydes the proportion of ortho- and para 
derivatives is unafiected by changing from sodium hydroxide to potassium hydroxide; and 
Walden (Ber., 1899, 82, 1833), for the hydrolysis of «-chlorosuccinic acid by 0-4n-alkali, found 
that the rotation of the malic ack! obtained differed considerably according to the alkali used 
(LIOH + 100°; NaOH + 150"; KOH + 425°; RbOH + 440°; aq. NH, + 460°). 

The effect of varying the cation has now been investigated further, first, on the products of 
methylation of tautomeric compounds, secondly on the proportion of ortho- : para-substitution 
in the Reimer-Tiemann reaction, and thirdly on the hydrolysis of esters. 

In studying methylation it was necessary to choose a compound, stable to alkali, which gave 
reasonable amounts of the isomeric methyl derivatives. Such was found in 1-hydroxybenz- 
triazole which with methyl sulphate in 2n-alkli gave two methy! derivatives (Brady and 
Reynolds, /., 1028, 198, 1931, 127 The ratio O-Me/N-Me formed in 2x-MOH was LiOH 


0 


112, NaOH @97, KOH 102, RbOH 117, CsOH 1-26, and NMeEt,OH 1°53. Although the 
accuracy of the results is not sufficient to dogmatise on the effect of the change from one 
alkali-metal to another the difference between sodium hydroxide and methyltriethylammonium 
hydroxide seems well outside the limit of experimental error, and probably the difference 
between sodium hydroxide and casium hydroxide is also significant. 

Since sodium hydroxide and methyltriethylammonium hydroxide gave the greatest 
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difference, in subsequent experiments the hydroxides of casium and rubidium were not always 
used on account of the lengthy task of continually recovering the limited amounts of the 
materials. 

Lithium hydroxide could not always be employed owing to the sparing solubility of lithium 
salts, which crystallised out and altered the conditions of the experiment. 

2-Hydroxylepidine can be methylated by methy! iodide in methy! alcohol in the presence of 
alkali methoxide. With sodium methoxide, the ratio N-Me/O-Me is 4°5, with potassium 
methoxide is 10°8, and with NMeEt,-OMe is. In the last case no trace of the 0-Me compound, 
but 82° of the N-Me compound, was obtained. 


Me 


The improvement in technique afforded by the determination of aldehydes by dinitro 
phenylhydrazine has enabled us to show the effect of change of alkali in the Reimer-Tiemann 
reaction where the original authors failed (Joc. cit.). In 15~n-alkali the ortho-para-ratio was 
NaOH 2°08, KOH 1°24, CsOH 0°98, and NMeEt,OH 0°52. In 2n-alkali the difference almost 
disappeared, the ratio being NaOH 0-00, KOH 091, and NMeEt,-OH 0°86. In 15»-lithium 
hydroxide the ratio was 0°9 but, as much lithium phenoxide crystallised out, the concentration 
in solution was low. 

The yields of aldehyde in the Reimer-Tiemann reaction were of the usual low order 
(Armstrong and Richardson, J., 1933, 496) and the results would not be credible were they not 
so remarkable and repeatable within reasonable limits. On changing from sodium hydroxide 
to methyltrimethylammonium hydroxide the product changes from o-/p- = 2: 1 to o-/p- 1: 2. 

The experiments so far described did not admit of very accurate measurements, so a kinetic 
investigation has been made of the hydrolysis of esters by various alkalis in homogeneous media, 
with the following results : 


Hydrolysis of Me,SO, in 50%, v/v aqueous MeOH at 0°. 
Alkali Concn., ¥. 
NaOH ; , 0-1000 
KOH . F Ee 01022 
NMeEt,-OH , ante 0 1037 


The differences are within the experimental error, so at this concentration of alkali no effect 
is observed. 

Methyl sulphate in aqueous methyl alcohol is decomposed much too rapidly by stronger 
alkalis for kinetic measurements to be made, so the less reactive ethyl sulphate was substituted, 
with results as follows : 


mypanigets of Et,SO, in 90% v/v aqueous MeOH at 0°. 


NaOH ... 
KOH . 
NMeEt, OH 


Owing to the difficulty in obtaining accurate results in kinetic measurements at 
these concentrations, it would be unwise to place tov much reliance on the difference between 
sodium and potassium hydroxides, but the difference between sodium and methyltriethy!- 
ammonium hydroxides is too large to be due to experimental error. 

The use of methyl alcohol as a solvent introduces possible complications, so esters were 

investigated which could be bydrolysed in homogeneous aqueous solution. 

The bydrolysis of methyl met Iphonate in 1:026x-aqueous sodium hydroxide at 25° 
gave A = 55 x 10+ sec.-! and in 1-026N-aqueous methyltriethylammonium hydroxide gave 
AP m= 94 X 10 sec, 

The alkali alkyl — pen A om Bee tang (R = alkyl, M = Na, K, or NMeEt,) 
at 25° or 0°, in both water and 90% methyl alcohol, were hydrolysed with the corresponding 
alkali hydroxide ; tor counpariann ethyl aectate wes bpdeciyend te 60% mothyl shocked at 6 
The rate constants are given in Table I. In 0-1»n-alkali no effect is observable, even in aqueous 
methyl alcohol. In n-alkali the effects are not marked in aqueous solutions, except in the case 
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Taste I. 
Water 90% Methyl alcohol. 
Athali ( +)-sec.-cctyl phthalate ai 25°. 
1-026s-NaOH ~e 
1 026n-NMecEtyOH on 
Aihali sec-butyl phihalate af 25". 
1026s NaOH . ; 1-47n-NaOH i4 x lo 
0-985N-KOH i x lo 
1 O26n-NMeEt, OH ) 1 077x-NMecEt,-OH 00982 x lo* 
Athals methyl phthalate af 25°. 
10056. NaOH x le 6-9847"-NaOH 
1-026n-NMekt,OH ‘ 1-108N-NMeEt,-OH 
Alhal; methyl phthalate at 0°. 
1400n6-NeOH 
1 O26s-NMeEtyOH 
Ethy/ acetate ai 0”. 
-- - 1-0328s-NaOH 1-66 x lo 
- . 1-03248-KOH 106 « lo 
oon - 1-0328N-NMcEt,-OH lI? x lor 


of methyl methanesulphonate where AM /AfhLog = 1:7 (44, refers to the quaternary ammonium 
base}, but in 90% methyl alcohol in the hydrolysis of ethy! sulphate 4... /Ay.oy = 2°2. of alkali 
sec-butyl phthalate MS /ABog — 0066 and of alkali methyl phthalate #$/AB.y = 0-112. 

The most significant fact is that in the same solvent methyltriethylammonium hydroxide 
hydrolyses ethy! sulphate more rapidly, but an alkali alkyl phthalate less rapidly, than does 
sodium bydroxide. It seems impossible to suppose that the difference in rate constants is due 
simply to variation of hydroxyl-ion concentrations in the solutions, and one must seek an 
explanation in the nature of the compound hydrolysed. 

The first difference in nature of the substance hydrolysed is that whereas the esters 
of carboxylic acids on alkaline hydrolysis normally undergo acyl-oxygen fission (see Day and 
Ingold, Trans. Faraday Soc., 1941, 37, 689, for a summary of the evidence) methy! methane- 
sulphonate on aqueous alkaline hydrolysis undergoes alkyl-oxygen fission by a bimolecular 
mechanism (Ader, University of London Ph.D. Thesis, “ Mechanism of Sulphonic Ester 
Hydrolysis,” 1949), and ethy! sulphate on interaction with alcohol in the presence of water 
and sodium hydroxide undergoes mainly an alkyl-oxygen fission (Lauder and Green, Nature, 
1046, 157, 7647) ‘ 

In aqueous methyl! alcoholic solutions both hydroxyl and methoxy! ions will exist 
MOH == M* + HO~; HO~ + HOMe == H,O + MeO~. In acyl-oxygen fission attack by 
MeO does not lead to a change in the acid titre 

R’CO,R + MeO- == RCO Me + RO- 
but with alkyl-oxygen fission the titre changes 
OEt o- 
Os + Meo- > OS + EtOMe 
OFt OERt 

An explanation might be suggested, therefore, that in a solution of methyltriethylammonium 
hydroxide in 90% methyl alcohol the methoxyl-ion concentration is higher than in a 
corresponding solution of sodiam hydroxide, and vice versa for the hydroxyl-ion concentration. 
This would account for the slower action of the ammonium base on the carboxylic esters and 
might account for its more rapid action on ethyl sulphate. If this were the explanation one 
would expect a similar change of the same order in the rate constant of the hydrolysis of ethyl 
acetate, but in this case a decrease of only 30%, is observed whereas in the phthalates there 
is a factor of ten. 

In experiments using methy! alcohol as a solvent a complication may arise when a different 
alcohol is produced from the ester, since the rate constant may be a composite figure representing 
the following reactions ; 

R’CO,R + HO- —>» RCO, + RO- 
R'CO,R + MeO- == RCO Me + RO- 
R'COMe + HO~ —— >» R°CO,H + MeO- 

This might be the case for the hydrolysis of alkali sec.-butyl phthalate in methyl alcohol, 

but not for the hydrolysis of alkali methyl phthalate in methy! alcohol. Since, however, the 
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rate constant for the hydrolysis of sodium sec.-butyl phthalate by sodium hydroxide is 
approximately one-tenth of that of sodium methyl phthalate by sodium hydroxide and the 
rate constant for the hydrolysis of methyltriethyl sec.-butyl phthalate by methyl- 
trethylammonium hydroxide is also approximately ; 
ammonium methyl! phthalate, it can be assumed that this complication plays but a small part 
in the difference between the rate constants obtained with sodium hydroxide and methyiti- 
ethylammonium hydroxide. It seemed desirable, in the first instance, to confine these 
experiments to one solvent alcohol, to avoid ambiguities caused by possible variation in the 
alkoxy! : hydroxyl ratio in changing from one alcohol to another, or by different facilities of 

It might be held that different solvation of the cations would have an influence. The 
primary solvation would be in the order Na* > K* 5» MeEt,N* (cf. Bockris, Quart, Reviews, 
1949, 3, 173), and if water molecules solvated the cations more readily than methy! alcohol 
molecules the concentration of HO~ compared with MeO in 90% methyl! alcohol would be 
reduced more by Na* than by MeEt,N* owing to the removal of water in the equilibrium 
HO- + HOMe == MeO~ + H,O, but this would decrease the rate of hydrolysis by sodium 
hydroxide compared with that by methyltriethylammonium hydroxide. If, on the other 
hand, there was preferential solvation by methyl alcohol, a greater increase in HO~ 
concentration would result from Na* than from MeEt,N*, but owing to the high proportion of 
methyl alcohol the difference would probably be very small, Further, solvation would not 
surmount the difficulty of explaining an opposite effect of the cations in the hydrolysis of ethyl 
sulphate and methyl! methanesulphonate. 

Neither of these explanations can be used to account for the differences observed in the 
alkylation of tautomerides and in the Reimer-Tiemann reaction in which alteration in the 
orientation of substitution is observed. 

An explanation, which covers all cases and can be extended to numerous other reactions 
where a difference is observed between the alkali hydroxides, concerns the ease with which the 
different cations can form stable covalent links with the organic compound under investigation. 

Other evidence leads to the conclusion that, with the alkali metals, the tendency to form 
stable covalent bonds decreases from sodium to caesium ; the nitrogen in the tetra-alkylammonium 
ion, having already a completed octet of electrons, is unlikely to form other stable covalent 
bonds. 





In the case of the half esters of phthalic acid a solution of the tetra-alkylammonium salt may, 
therefore, be regarded as being almost completely ionised, but a solution of the sodium salt 
will consist of the equilibrium mixture : 

Solvent 

fay ; OO Nag Solvent 

C HY + Na* == C,H, Solvent 
‘CO,R ‘co,R 

The compound undergoing hydroysis in the two cases will therefore not be the same. In 
view of the negative charge on the carboxy! group in the jon this will hydrolyse less rapidly 
than the sodium co-ordination compound. The equilibrium in the sodium salt would move 
to the right on passing from an aqueous to an alcoholic medium and to the left on reduction 
of concentration of the reactants in the solvent. The experimental rate constants are in 
accordance with these considerations. 

In ethyl acetate a much smaller effect would be expected although it might still exist, for 


r) 
UNa(Solv.), 0 


i . i 
in the transition state Me—C—ORt would be less likely to give the acid than Me—<¢--0 


OH OH 
In ethyl sulphate the sodium ions can accept electrons from the co-ordinately linked oxygens 
and from the solvent, thus : 


OnaSov.), 
———— (Et0),S** 


a é: Paste Ye 
Nort 


ee Lor, 
——~_ (Et), St" "Suxonn, 


Korey 
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Any such tendency to neutralise the negative charge on oxygen will enhance the positive 
charge on sulphur which would favour alky!—oxygen fission, but in view of the tendency of the 
sulphur atom to increase its octet the hydroxyl ion will be strongly attracted to the S** centre. 
If only one bydroxy! ion attacks, the sulphur atom will still bear a positive charge and there 
will be little tendency for acyl-oxygen fission to occur with escape of EtO-; this might be 
expected only if two hydroxy! ions attacked at the same time, but such a termolecular reaction 
would be very slow. The sodium complex is accordingly less easily attacked by sodium 
hydroxide than by the tetra-alkylammonium hydroxide. 

We turn now to the methylation of tautomeric compounds; in solutions of |-hydroxy- 
benrtriazole in tetra-alkylammonium hydroxide the undissociated compound (I) and the ion 


N XN 
CH ND + NMcEtyOH == C,H, Ni + MeEt,N* + H,O 
N-on 
it) i! 


(II) will be present. In (I) attack will occur at the oxygen atom, leading to the formation 
of l-methoxylbenztriazole, but in (I) attack at nitrogen will be favoured, followed by elimination 
of @ proton owing to electron withdrawal by the N*, leading to the formation of 3-methyl- 
benztriazole l-oxide 


N 
v 
‘ 


Brady and Reynolds (/oc. cot.) showed that in the absence of alkali and solvent 1-bydroxy- 
benztriazole suffered only N-methylation, and Brady and Day (/., 1923, 123, 2258) showed 
that in the substituted hydroxybenztriazoles (¢g., the nitro-compounds) the more acidic 
the compound, and consequently the less hydrolysed its salts in aqueous solution, the greater 
the preponderance of O-alkylation. 

In the presence of sodium hydroxide the solution will contain a 
third species (111), in which attack at nitrogen will be favoured; so 
the proportion of N-methylation increases. The proportion of (III 
falls on passing from sodium to ca@sium, so the proportion of 

* N-methylation also falls 

A methyltriethylammonium hydroxide solution of 2-hydroxylepidine, which, on 
our argument, should contain essentially ions only, gave, on methylation, only the N-methyl 
compound 

No explanation seems to have been advanced for the N- rather than the O-alkylation of the 
sodium salts of lactam—lactim tavtomerides such as isatin, phthalimide, and 2-hydroxy- 
pyridine. In isatin and the cyclic imides an electron pair on a negatively charged nitrogen 
can move in two directions, vv 


N«<)>--Na(Solv 


c<«Q YJ c 

" Ss 
but, in the mesomeric ions produced, the electron pair on the negatively charged oxygen can 
move only in one direction. It seems reasonable, therefore, to suppose that the ion with the 
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negative charge associated with nitrogen contributes more than do the ions with the negative 
charges associated with oxygen to the structure of the resonance ion and, consequently, that 
the nitrogen atom will be attacked by an electrophilic reagent such as Me*. A similar 
explanation can be offered for the exclusive C-alkylation of, ¢.g., ethyl sodiomalonate. 


6% c (on) Gi c (om)==d 


The case of 2-hydroxylepidine or 2-hydroxypyridine is more complex. When the negative 
charge is on nitrogen the electron pair can again move in two directions, whilst in the ions with 
the charge associated with oxygen the electron pair can move only in one direction, but the 
latter ions are interconvertable by electron shift within the benzenoid ring, thus : 


It is noteworthy that the ion of hydroxybenztriazole, which becomes alkylated on oxygen, 
does not exhibit this peculiarity, nor does the oximino-ion R‘CH=N~-O~, which also becomes 
alkylated on oxygen (Brady and Goldstein, J., 1926, 2403; Brady and Jackson, unpublished). 

As the negative charge on the 2-hydroxylepidine ion is associated mainly with the nitrogen 
atom, N-alkylation is explicable in tetra-alkylammonium hydroxide solution, but in sodium 
hydroxide solution, owing to the tendency to form a co-ordination compound, some 
O-methylation can occur by the following mechanism : 


CMe CMe CMe 
4 SCH / “H 3 “H 
Colle y + Mel —> CM, 4 aye en Mila ol oy C- -OMe 
N x45 os 
} ! 
NafSolv ), Na(Solv.), 


+ Na* 


In the Reimer-Tiemann reaction the significant stage is entry of the -CHCI, into the nucleus 
C,H,-OM + CHCl, + M+ + HO- = MO-C,HyCHC), + M* + Clr + HO 


In the presence of 15n-tetra-alkylammonium hydroxide no un-ionised phenol would be 
present and no co-ordination compound, so that the only reacting species would be the 
phenoxide ion. In these circumstances substitution yields approximately 2 parts of p- to 1 of 
o-compound; the preponderance of pava-substitution is in accordance with expectation in 
view of the strong electromeric effect of the negative pole. When l5n-sodium hydroxide is 
employed a different state of affairs can exist: either chloroform or solvent molecules or both 
can co-ordinate with the sodium : 


Natm(H,0}, ... # OH, 
. NatOH, 
» 
a oO “OH, F 
«1 } g (Vv) 
H fs a<c™ 
nal 


In either case the chloroform is presented to the ortho-position since in (V) the positive charges 
on the solvent molecules will tend to attract the lone electrons on the chlorine. On passing 
from sodium hydroxide to potassium hydroxide and casium hydroxide the extent of 
co-ordination will decrease and the amount of ortho-substitution decreases. 

Ingold (Ann. Reports, 1926, 23, 142) has suggested a similar explanation of the nuclear 
alkylation of phenols through their salts in non-ionising solvents where the substituent enters 








774 Brady and Jakobovits: The Effect of Varying the Cation in 


exclusively at the ortho-position. The same idea has been invoked in the Kolbe-Schmidt 
teaction which has been shown to involve, probably, direct substitution at nuclear carbon and 
not intermediate formation of sodium pheny! carbonate (Tijmstra Bz, Ber., 1905, 38, 1375; 
Johnson, |. Amer, Chem. Sec., 1933, 56, 3029). 


The above authors state po reasons for the difference in behaviour between sodium and 
potassium phenoxide, but it could be caused by a reduced stability of the potassium co-ordination 
compound 

When the Reimer-Tiemann reaction is carried out in less concentrated solutions, ¢.g., in 
2n-alkali, the ortho-para ratio, when tetra-alkylammonium hydroxide is used, corresponds to 
the substitution of the phenoxide ion plus that of free phenol formed by hydrolysis. When 
2n-sodium hydroxide is used, only a small amount of co-ordination compound is formed, so 
that the ortho-para ratio is not appreciably altered 
“OM “on If the view put forward is correct a number of other pheno- 

A mena are capable of a similar explanation. In the Walden 

/ | /" inversion previously mentioned, if co-ordination compounds 

rar 3B i > coat pr are formed at the carboxyl group attached directly to the 

f Sou «=6asymmetric carbon atom, steric hindrance might wel! hinder 

the approach of the hydroxy! ion to face A as required for 

inversion, and approach to face B involving no inversion would 

be favoured. The increase in inversion found by Walden (loc. 

eu.) was in the order LIOH < NaOH < KOH < RbDOH <{ NH,OH, that is, as the prob- 
ability of co-ordination compound formation decreased, 


bE PERIMENTAL. 


Preparation of Alkalis.—-Solutions of sodium hydroxide and potassium hydroxide were made up with 
the usual precactions to averd al) but small amounts of carbonate, diluted with water or methyl 
alcohol, and checked against standardised hydrochloric acid Rulidium and casium hydroxides 
were prepared from the sulphates and barium hydroxide. Methyltriethylammonium hydroxide 
solutions were prepared by shaking a wetghed amount of the todide with the solvent and |-3 equivalents 
of silver oxide for 16-20 hours entil a filtered test portion gave no precipitate with nitric acid and 
silver nitrate. the precipitate was allowed to settle, and the solution siphoned off, titrated with hydro 
chiortc ace, and the strength adjusted Precautions were taken to avoid contamination with carbon 
lien ote 

Methylahon of |-Hydroxsybenctriasole—The hydroxybenztriazole was prepared via o-nitrophenyl 
hydrazine }-Methoxybenzstriazole and 3-methylbenztriazole l-oxide were prepared for test of 
analytical methed (lirady and Keynokis, /., 1978, 1946) 

The hydroxybenstriazole (1:5 ¢ OOlL mol) was dissolved in 2x-aqucous alkali (6 
recdistilied methy! sulphate (1-) «x O-O11 mol) added. The mixture was thoroughly shaken for 
10 minutes wheregpon the solid ethers began to separate, and after 4) minutes were repeatedly extracted 
with chioreform The combined extracts were dried (Na,SO,), the solvent was removed, and the 
residve dried in an evacuated desiccator The relative amounts of O- and N-methy! derivatives were 
determined by Zewel and Herzig. Meyer estimations As the amounts of silver iodide formed did not 

frespond to the total quantity of the mixed N- and O-methyl compound employed, determinations 
were carried owt with the puré derivatives The O-methyl mpound gave an almost theoretical yield 
of miver watide, but the N-methyl compound gave appre 61% This determination was reproducible 
within 1% the loss is probably caused by murratior me of the methyl into the benzene nucleus on 
heating of the vdriextide » column 6 of Table tl ‘ o has been applied to the ntent of 
N methyl! compen 1 whi calculated from (1 ! the actual weight of silver iodide The 
total amount of methyl pow nd tumn 7 of tobe n varies from 87 to 100%, with an average 
of #3%,, 

Methylation of Hydrowvlepideme 2-Hydroxylepuline was prepared by the method of Laver and 
Kaslow Org Sywth.. 24 @s the O- and N-methy! derivatives were prepared for comparison (Knorr 
jxeolen, 1886. 236. 07 Koorr and Actrick, Ber, 1884, 17, 2876 \ Zewel estimation for the pure 
O-methy! compound gave a 8%, yield of methyl! iodide, and a Herzig -Mever estimation for the N-methyl 
componnd a 85%, yield! 

The bydroxyvlepidine (3 ¢) was added to 2n-alkali methoxide (9 c.c.) in methyl alcohol (slightly 
more than } equiv together with methy! tocdide (2-3 cx 15 equivs and the whole heated under 
refux for 30 minutes. a further 3 cc. of the methoxide solution and | c.c. of methyl! iodide were then 
added, and heating was continued for a further ®) minutes. The solution was diluted with water and 
made strongly alkaline with aqueous sodium hydroxide. The methylation products were extracted 
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with ether, the extract was dried (Na,SO,), the solvent removed, and the solid residue dried in a 
vacuum-desiccator. The yield of crude ethers was about 80% of the theoretical. > apeeeneonateag 
O- and N-methyl derivatives were determined as before. The results are given in Tabie ILI. 


Taste It. 
Wt. («.) of 
crude methyl 
compounds 
from 1-5 ¢ %, . ‘Me, Ratio, 
2n-Alkali. Expt. of triazole. %. . OMe/NMe. Mean. 


LiIOH s 1-03 { 


; s 112 

b or { : ; 

lw 

1-06 

1-09 

1-10 
KOH 1-28 

1-40 

1-35 


1-30 
1-22 


NMeEt,-OH 1-35 


Taste III. 
OMe, NMe Ratio, 3 » 
Alkali. Expt. % NMe/OMe. Mean. Alkali. . x NMe/OMe. Mean. 


b 21-5 b 3-52 
é 12-6 . 5-63 
d 15-5 478 | 


NMecEtyOH 2- a © 


NaOH a 12-7 y 412 | KOH 7 . 10-8 10-4 
4 5 


In two qualitative experiments using the tetra-alkylammonium hydroxide no O-methyl compound 
was obtained 

Reimer—Tiemann Reaction —Phenol (3 g.) was dissolved in approx. 16n-alkali (10 cc.) under a 
reflux condenser and warmed at 5)-—60°. Chloroform (3 c.c.) was then added with vigorous shaking 
which was continued for 15 minutes. The mixture was then heated on a water-bath for 30 minutes 
After cooling, the solution, which contained solid, was diluted until the solid dissolved, and then 
acidified with hydrochloric acid and distilled in steam, about 600 c.c. of distillate being collected. The 
distillate was transferrred to a graduated flask, concentrated hydrochloric acid added (200 ¢.), and 
the volume made up to 1000 cc. with water; S)-c.c. lots were removed, and an equal volume 
of a solution of 2: 4-dinitrophenylhydrazine hydrochloride was added. This reagent was prepared by 
suspending 2 : 4-dinitrophenylhydrazine (4 ¢.) in dilute hydrochloric acid (25 c.c.), adding concentrated 
hydrochloric acid (20 c.c.) with shaking and then a further 21. of 2n-acid. After being kept overnight 
the solution was filtered from the small ts of undissolved material. The precipitated dinitro- 
phenylhydrazone was =~ for an hour to coagulate, filtered through a sintered-glass crucible, washed 
3 times with 2~-hydrochloric acid, dried for 2 hours at 110°, and weighed. The residue from the 
steam-distillation was filtered whilst hot, cooled, and made up to | |. by concentrated hydrochloric acid 
(200 cc.) and water. The p-hydroxybenzaldehyde was ined as above in 50-<.c. portions 
Similar experiments were performed using 2n-alkali. The results are shown in Table IV. 

Kinetic Experiments —Methyl sulphate was repeatedly shaken with water until the aqueous layer 
was free from sulphate, dried (Na,SO,), and twice distilled at 6—-7 mm., the portion boiling at 45—47° 
being collected. Ethy! sulphate was similarly purified, the fraction boiling at 57-560" being collected 

sec.-Buty! hydrogen ey ay \"% methyl hydrogen phthalate were prepared by the standard 
method. We are indebted to Kenyon lor « sporunes of (+)-a0e-actyl hydrogen phthalate and 
to Dr. G. Ader for one of tk y LP ee 

As an example of the ve em) cophared the hapdrciyels of matiey! with an equivalent 
quantity of 0-1x-sodium hyd in 50% (v/v) aqueous methyl alcohol at ye eee 

The methy! sulphate (ca. 0-6 c.c.; | mol.) was run into a thin, weighed, glass bulb, which was sealed 
and re-weighed. An amount of the 0-1 s-sodium bydroxide solution exactly eqetvatent (0 (1 mol.) to the 
methy! sulphate was cooled to 0° and the bulb crushed beneath its surface. . the solution 
was transferred to a stoppered flask, cooled in ice-water well stirred with a mechanical stirrer in a large 
lagged beaker. For experiments at 25° a thermostat was used. From time to time portions (5 ¢.c.) 
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of the solution were removed, the reaction was stopped by running the mixture into an equivalent of 
®iw-bydrochiorc acid, and the acid formed during hydrolyss titrated against 0-05s-barium hydroxide 
(bromocresol-purple as indicator}. The rate constants were calculated from the usual second-order 
equation, with results given in Table V 


Taptx IV 

Alkah lin an 
ortho, para-, 
% orthe- - para-. Mean , ortho- : para-. Mean, 

12-05 1 0-89 \ 
93s i s Ow 0-990 

. ool 

' 


Ca2OH 


NMekt, OH 


Titration figures, ¢.c - 
four expts.) * (four expts 


2-70 


es 


= 
7 


s 


-ee 
tate 
o 
— 


- 
a 


ray 


- 
” 
o 
- 
o 
» 


e+e-uee 
bs o 


ots 05 0S 0S HS bo 


_ 


PS OS FS PS OS OS OS OS BS te be 


2eoevveseeutn~ 
“wee 
S2eeuveeeveue 


“& 
wseone 


| bs 08 OS PS OS PO be be 
oo 8S S 6 tO 


io 10-06 10-2 10-0 
Mean 2-8 2-63 2-66 
Overall mean Aj ~ 261 «© 10% sec" 
With © 1022N-KOH, the overall mean A, « 2-57 = 10°* sec.-' with maximum deviations of +0-23 
and —O14 
With 0 1037s-NMeKt,-OH the overall mean A, = 252 « 10°* sec? with maximum deviations of 
+010 and —O-17. 
Tanie VI 
Time, secs, « 1or* Titration figures, c 2 expts 10*AS, sec. (2 expts.). 
oo 7-36 8-13 
8-60 7 
7-33 
7-25 
715 
8-28 
6-63 
6-98 
7-13 





e? 


o 


ed 


- 
ve wWietste~ 


oveunnwe~ 
weer e ne Ss 
e444 sIeee 


> 


Mean 741 


The hydrolysis of ethyl sulphate was investigated at 0° with 1-5 equivalents of alkali in 90% (v/v) 
aqueous methanol, With 1328N-sodiem hydroxide the results given in Table VI were obtained. 

The deviation from the mean Ag i as moch as 16% but, as the concentrations were high 
and appreciable errors were likely owing to volume changes in mixing and to separation of solid sodium 
ethyl! sulphate during the reaction, it was considered that the results were as satisfactory as could be 
expected. 

with 1-0328y -pot m hydroxide the mean Aj ~ %5 x 10°* sec-* with maximum deviations of 
‘ 8 Gey ~\ and with 1-0534n-NMeEtyOH &f — 16-9 « 10+ sec.“ with maximum deviations of 
+1 - 
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Fis meters veleo ter eure tetetiren A08 ee een ees was 
90; it is thus encertain whether there is but the 
minimum for methylitnethylammonimum h a SR, © which is about |-75 times the maximum 
ond the limit of experimen 
te was added to an equivalent quantity of 1-026x-alkali and the reaction 
carried out in a thermostat at 25°. Portions (2 c.c.).were removed at intervals, run into ice-cold water 
(20 c.c.), and titrated against 0-0989»-hydrochloric acid (bromocresol-purple). Results are in Table VI! 


Taste VII. 
1-026n-NaOH. 1-026~-NMeEt,-OH 
xlo*. Titre. , sect, . secs., x 10°. Titre. 


eveseune 
wwe ecrnhown~ 


A weighed quantity of _ hydrogen phthalate was dissolved in exactly 2 equivalents of aqueous 
alkali, one being uired to form the salt with the free carboxyl group, and the reaction carried out 
in a thermostat at Portions (2 ¢.c.) were removed at intervals, diluted with water (20 ¢.c.), and 
titrated against 0-1n-hydrochloric acid (phenolphthalein). (+)-see.-Octyl hydrogen phthalate with 
1-026n-sodium hydroxide gave a mean A} 6-2 x 10° sec. with maximum deviations of +03 and 
—0-4. With 1026~-NMecEt,OH AP — 6-95 x 10°¢ sec. with maximum deviations of +04 and 
—2. The rate constants, in view of the é of accuracy, are too similar for a decision whether the 
difference is significant, especially as a com tion arose owing to separation of octyl alcohol during 
the reaction 

sec.-Butyl hydrogen phthalate and methyl hydrogen phthalate were hydrolysed under similar 
conditions. Results are given in the Introduction. 

The hydrolyses in 90% (v/v) methyl alcohol were carried out as in mend solution, a ——s 
ee of the ester being dissolved in two equivalents of alkali in aqueous methyl alcohol and 

With sodium hydroxide, solid sedium phthalate began to separate after about 8 hours a the 
values of the rate constants were not very concordant; this did not occur with potassium hydroxide or 
with methyltriethylammonium hydroxide. The results for sec.-butyl hydrogen phthalate are given in 
Table VIII. 


Tasie VIII. 


1-047N-NaOH. 0-985n-KOH 1-077N-NMecEt,-OH. 
Time, hours 10*A?, sec Time, hours 10*A#, sec. Time, hours 1A, sec.-, 
2 } practically no 
reaction 
(0-041) 
0-091 
0-004 
0-097 
0-089 
0-001 
0-097 
0-097 
Mean . : 0003 


With methyl by phthalate and sodium apeonhe, @ over the range 15—315 minutes, where- 
after large amounts had , the mean Af was 1-25 x 10° sec. with 
um 


seeeuess 


hydroxide over the range 
deviation of +001. 


Tue Srr Wiuttam Ramsay anwp Raten [aaa LaporaToriEs, 
Universtry Cottecr, Lonpow (Received, October Tth, 1949.) 
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153. The Mechanism of Decarborylation. Part V. Kinetics of 
the Decarborylation of Hydrorybenzoic Acids. 
By B. R. Brown, D. Lt. Hamuicx, and A. J. B. Scuorertern. 


The rates of decarboxylation of salicylic, 2 : 4-dihydroxybenzoic, and 2: 4 : 6-trihydroxy- 
benzow acids have been measured in resorcinol solution over a temperature range of 110-—240°. 
The fall in activation energies (increase in rate) with increase in o- and p-substitetion by 
menor ge cry the conclusion that with these acids the decarboxylation is an Sg2 

S"Fie Hiashelw inshelwood-Fairclough relation between log,, PZ and 1/F1 is obeyed. 


Recuntty Schenke!l and Schenkel-Rudin (Hee. Chim. Acta, 1948, 31, 514) suggested that 
decarboxylation may occur by two mechanisms, analogous to the S,1l and S,2 replacement 
reactions of Hughes and Ingold (/., 1935, 244) : 


Sal R-CO,- = R~ + CO, 
Ss? Ht + RCO, « HR + CO, 


Substantial evidence for the 5,1 mechanism is available (¢.g., Pedersen, |. Physical Chem., 
1934, 88, 650; Verhoek, ]. Amer. Chem. Soc., 1939, 61, 186; Parts I, II, III, and IV of this 
series, Hamumick ef al., ]., 1937, 1724; 1939, 800; 1949, 173 and 659). Examples of the S,2 
mechanism are rapidly accumulating (Schubert, J. Amer. Chem. Soc., 1949, 71, 2639; Johnson 
and Heinz, sbid., p. 2013). 

The 5,2 mechanism will be facilitated by a high electron density on the carbon atom next 
to the carboxyl group. Morvever, since the mechanism is casentially bimolecular and involves 
an acid molecule and a solvated proton, acids which are decarboxylated in this manner will be 
stable in alkaline but unstable in acid solution. Support for this view is found in the semi- 
quantitative results of Cazeneuve (Bull, Soc. chim., 1896, 15, 73) and of Hemelmeyr (Site. Ahad. 
Wiss. Wien, 1012, 121, 1359), who show that o- and p-hydroxybenzoic acids behave thus. 
The m-hydroxybenzoic acids, however, in which the hydroxyl groups cannot make any 
appreciable contribution to the electron density on the carbon atom next to the carboxyl 
group, are stable even in acid solution. The suggestion that the decarboxylation of o- and 
pP- bydroxybenzoic acids may occur by a bimolecular mechanism involving attack of a proton 
on the negative a-carbon atom has also been made by Fieser and Fieser (‘" Organic Chemistry,” 
D. C. Heath and Co,, Boston, 1944, p, 674). 

The aim of the kinetic work here presented was to study the effect of the successive 
substitution of hydroxyl groups into the o- and p-positions of benzoic acid on the rate of 
decarboxylation in resorcinol, which was selected as solvent for reasons given in the Discussion 
below. The work of Hinshelwood, Laidler, and Timm (/., 1938, 848) indicates that a comparison 
of activation energies with type and amount of substitution should provide evidence for or 
against an S,2 mechanism 


EXPERIMENTAL. 


Materials —-Salicytic acid was crystallised twice from water and had m. p. 156 2 : 4-Dihydroxy 


bensote acid (B-resorcylic acid) was crystallised three times from water and had m. p. 216 2:4: 6-Tri- 
hydroxybenzotc acid was crystallised once from alcohol and twice from ether and bad m. p. 189°. 

The solvent, resorcinol, was distilled at atmospheric pressure, and had b. p. 276°, m. p. 110° 

i fPpParatus The method ased to follow the reaction was by measurement of evolved carbon dioxide, 
at room temperature and pressure. The apparatus of Walton (7. paystal. Chem., 1904, 47, 185) was 
mexiifed for use at high temperatures (110-—240") and was very similar to the apparatus used by 
Schubert (lec. cst.) Temperature control was obtained by immersing the reaction vessel (containing 
about O3 <. of acid in 10 g. of resorcinol) in a lagged vapour-bath containing a suitable liquid boiling 
soder reflux at the prevailing atmospheric pressure. Temperatures constant to + 0-1° could be maintained 
for at least 4 hours. The bath liquids were distilled at atmospheric pressure, and fractions boiling over 
2° were used to construct the Arrhenius plots. The hot solvent (resorcinol) was saturated with carboo 
dioxsde before measurements were made 

The mam source of error was likely to arise from variation of the temperature gradient between 
the evolved carbon dioxide (at the temperature of the reaction) and the measuring burette (at room 
temperature This was minimised by using a standard procedure, and by protecting the connecting 
tubes from temperature changes 

Reeults.—Since the system had to be stabilised before readings were taken, it was impracticable to 
obtaim an accurate value for the initial concentration of the acid. Moreover, it was inconvenient to 
prolong the decarboxylation in order to read the total volume of carbon dioxide evolved at the 
completion of the reaction. These difhculties were overcome by using the method of plotting devised 
by Guggenheim (PAu. Mag. 1026, 8 538 Two series of vaives for the volume of carbon dioxide 
evolved, ¢ and «', separated by « time interval ¢, are obtained. A plot of log, v) against time 
yields a line of gradient 04344, where 4 is the velocity constant for the decarboxylation at the 
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temperature used. A typical series of results is shown in Table I, The observed values of log, (¥' — ©) 
are compared with those calculated from the equation to the line of gradient —0-434A os 


Taste I. 
Decarboxylation of 2 : 4-dihydroxybensoic acid in resorcinol (at 465°2° x.) 


log ys (e' — #) 108 (& — ¥) 
Tobs.). tale». 
1-311 : 
1-243 
1-155 
1-072 
0-901 
ool4 
0 833 
kh = 12-8 x 10° sec.*. 
Four determinations of & at this eapeetene yielded the values 4 = 11-0, 12-8, 140, and 


146 x 10° seo“. joe = 13-1 x 10 sec“. 
A plot of 1/T and log,, 4 (from Table I) gives the results collected in Table III. 


. 
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Taste Il, 
Effect of temperature. 
: 4-Dihydroxybenzoic acid, 2: 4: 6-Trihydroxybenzoic acid, 


eSSfEEEe 


4 
4 
4 
4 
4 


Tasze III, 
log,, PZ 
E (cals.). /E%, (from A im sec.” 
Benzoic ° coeee ose - . 
o-Hydroxybenzoic . vous : ° , d . 11-5 
2: 4-Dibydroxybenzoic ....... , : ; . 10-9 
2:4: 6-Trihydroxybenzoic ....... 50 


* Estimated from the observation that benzoic acid is undecomposed at 250° in resorcinol 


Discussion. 


The solvent resorcinol was chosen for these measurements for the following reasons: (1) the 
solvent had to be acidic in order that the bimiolecular S,2 reaction would show pseudo-first- 
order kinetics, owing to the presence of a constant excess of acidic molecules, (2) the solvent 
had to be the same for each acid in order to give comparable results, hence a solvent liquid 
over a wide temperature range was required, and (3) it was desirable that the solvent should 
resemble the reaction products as closely as possible in order that they should cause the least 
possible change in medium. 

The results in Table III indicate that the successive substitution of hydroxy! groups into 
the o- and p-positions of benzoic acid causes a progressive decrease in the energy of activation 
for decarboxylation. Since this substitution increases the electron density on the carbon atom 
next to the carboxyl group, it can be inferred that the substitution is reducing the repulsion 
between an attacking solvated proton and the acid molecule (cf. Hinshelwood, Laidler, and 
Timm, loc. cit.). The occurrence of this effect is consistent with the S,2 mechanism : 


co, 


sH- > OH . Jou 
Y —_ Cy +O, +8 
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The remarkable drop in the PZ factor (of the equation 4 = PZ .e~*/®7) on passing from 
2: 4-dihydroxy- to 2: 4: 6-trihydroxy-benzoic acid is perhaps to be associated with a steric 
effect of the second o-hydroxy! group in inhibiting the approach of the solvated proton. 

The view that decarboxylation can take place by an 5,2 mechanism involving the attack 
of a solvated proton on the a-carbon atom is supported by kinetic studies on anthracene-9- 
carboxylic acid (Schenkel and Schenkel-Rudin, Joc. cit.), certain cinnamic acids (Johnson and 
Heinz, lve. cit.), mesitoic acid (Schubert, loc. cit.), and on the o- and p-hydroxybenzoic acids. 
However, these authors put forward no evidence, nor have we been able to obtain any, as to the 

precise nature of the carboxylic entity which suffers 

20 ae reaction, 1.4. to distinguish between (1) and (2) 


(}) SH* + R-CO,~ = RH +5 + Co, 
(2) SH* + R-CO,H = RH +5 + CO, + H* 


On the other hand, studies of S,1 decarboxylations 
have always indicated that the carboxy! group is in 
the anionic form before decarboxylation - 


RCO, =» R- - co, 


In order to clarify the details of the S,2 mechanism 
further experiments are clearly required. 

4 4 . Hinshelwood and Fairclough (/., 1937, 538, 1573) 
70 690 advance theoretical reasons for the expectation of 
logy, PZ. a linear relationship between 1/E* and log,, PZ in 

a series of closely related reactions. The accompany 

ing figure indicates that such a relationship holds for the decarboxylation of hydroxy 
benzoic acids, This result is interesting on account of the large range of E and PZ values 
covered by our data, and on account of the value —0-21 x 10* found for the slope of the line, 
A(log » PZ) /4(1/E*), which is very close to that found by Hinshelwood and Fairclough (loec. cit.) 
for several reactions. 
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154. Mechanism of the Molecular Rearrangement produced by the Action 
of Alkali on Chloral-quinaldine [2-(3 : 3 : 3-Trichloro-2-hydroxrypropyl)- 


quinoline). 


By B. RK. Brown, D. Li. Hamnicx, and Siam Roserr Rosinson. 


It is shown that the re-arrangement named in the title is equivalent to an eychange of a 
substituted |-c-aminobenzylidenepropanone to a substituted 3-c-aminobenzylidenepropanone. 
This statement is only intended as a description of the basic change in the carbon skeleton and it 
does not represent the authors’ view of the actual mechanism of the process 

2 3-Dimethylquinoline was condensed with chloral and the adduct treated with aqueous- 
alcoholic sodium hydroxide 

The main product was the normal methyiquinolylacrylic acid but oxidation of the coloured 
material in the mother-liquor afforded 3-quinoly! ethyl ketone in small yield 


An orange salt, C,,H,O,NNa,3H,O, was obtained by Einhorn (Ber., 1886, 19, 904; Einhorn 
and Sherman, Annalen, 1805, 287, 38) as a by-product of the hydrolysis of chloral-quinaldine 
(2-(3 : 3: 3-trichloro-2-hydroxypropyl)quinoline) (I) by means of aqueous alcoholic sodium 
hydroxide. It was oxidised ia a carbonyl compound to an acid which was much later 
proved by Borsche and Manteuffel (Amnalen, 1936, 526, 22) to be quinoline-3-carboxylic 
acid 

A molecular rearrangement at some stage was thus revealed but the German workers did not 
follow up the implications. Woodward and Kornfeld (/. Amer. Chem. Soc., 1948, 70, 2508) 
showed that the carbonyl compound obtained by oxidation of the orange sodium salt is 3-quinoly! 
methyl ketone (III) and made it very probable that the Einhorn salt is a dihydroquinoline 
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derivative (cf. II). Their view (A) of the mechanism of the process is schematically illustrated 
below. 


ACH -CH(OH)-0Ci, i. 


wm 


(hy 


An alternative hypothesis (B) was considered by Woodward and Kornfeld but was rejected 
for good reasons. This involved the disruption of (I) into o-aminobenzylideneacetone and 
chloral, or their equivalents, and recombination of these elements of the structure in a new 
position. 

In the particular case of chloral-quinaldine this allows of an intermediate stage identica! 
with a possibility in our own hypothesis (C, below), but this is derived in a different manner and 
would not give the same results, for example in an investigation with labelled atoms. 

Our interest in this subject arose from the fact that we found Woodward and Kornfeld’s 
theoretical explanations unconvincing, especially that advanced to justify the assumption of 
the formation of the cyclopentane ring of a postulated intermediate by attack on the §-position 
of the quinoline nucleus. This seemed to overlook the much greater probability of the formation 
of a pyrrolidine ring, if cyclisation were to occur at all. 

The view (C) of the rearrangement which appeared most acceptable to us can best be 
explained didactically by noting that chloral-quinaldine by imaginary hydrolytic fissions 
would yield the unsaturated ketone (IV) which is the 1l-c-aminobenzylidene derivative of 
CH,CO-CH,CH(OH)-CCl,, We suggest that the o-aminobenzylidene group is transferred 
from the 1- to the 3-position in the pentanone chain. This gives (V) which is dehydrated and 
hydrolysed to give (II). 


cH CH 
, ¢ CH ‘ 
ore 4 CO-CH,CH/OH)-CCI, ~ A bt OH)-CCl, (v.) 
NH, NH, 


CO-CH, 


It would be of interest to study the rearrangement by means of labelled carbon atoms and the 
following scheme shows what results are to be expected on the basis of the three hypotheses 
(A), (B), and (C) 

(A) Woodward and Kornfeld (favoured) : 


an ‘ 


( J deco > | f 
Aw TFS \ Ad 


(B) Woodward and Kornfeld (rejected) 


- 
Cc 


4 ~ 
L i t-coc > 
a >. = 


(C) Present authors : 


Gy nugd <— 
Aw te My? $ 

It will be noticed that (A) could readily be distinguished from (B) and (C) by the isotope 
method but that a distinction between (B) and (C) would require a quinaldine labelled at the 
methyl group or at the carbon atom in the 3-position of the quinoline nucleus, but not at both 
points simultaneously in the same way. The slight preparative difficulty so indicated can best be 
overcome by a quinaldine synthesis from quinoline. 

In the meantime the hypothesis (C) is seen to be in harmony with the results obtained by 
Woodward and Kornfeld with related substances in the quinoline and pyridine series. 
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782 Molecular Rearrangement produced by Action of Alkali, etc. 


According to hypotheses (A) and (8), 2 : 3-di hylq line-chioral could not undergo the 
rearrangement but if (C) is correct we could obtain (V1) and by oxidation 3-quinoly! ethyl 
ketone (VII). Actually the colour change indicates that the reaction proceeds as expected, but 











WL) CO-CHyCH, y COCHYCH, yyy) 


yf COnHt LAY 

Hu 
the yield is certainly low and we were unable to isolate the salt of (VI). On oxidation, a small 
amount of (VII) was isolated and identified as the 2 : 4-dinitrophenylhydrazone. The ketone 
(VII) was synthesised by an unambiguous method described in the Experimental! section. We 
are fully convinced that this result establishes the correctness of hypothesis (C) but in view of the 
smal! yield we hope to obtain confirmation by the isotope method applied to the original case 

On the assumption that (C) is essentially correct, the stages of the process call for 

consideration. We do not favour a theory of fission and recombination of the parts; it seems 
almost certain that the molecule undergoes a change somewhat similar to that which may be 
postulated for the ring-enlargement of pyrrole to 3-chloropyridine : 


con, CHO a 
N 4 NN 
iH 
In the quinaldine-chloral case, two four-ring intermediates are plausible (VIII and IX) : 
CH 
CH } CH 
cH, | CT OH 
¢-——CH-CH(OH)-CO, ; CH, 
N 


These represent two parts of the completed rearrangement, and the third is hydrolysis of the 
imine linkage. These three elements occur in undetermined succession but, since the benzylidene 
group should be more active after hydrolysis of the imine, a probable sequence is that shown 
below 
cit 
CH 


tv? 
Brefred and . < . CO» 
yu > ‘NM ‘CH, pein PCOCcn 
CCHeCHIOH) CCL watyin ‘ CH-CCL(COH CHCO,H 
N CH N N 


COLLCOWM H H 


The formation of a four-ring and other precisions of this scheme are not necessary to our 
theory which can be interpreted with the aid of several different detailed mechanisms. 


EXPERIMENTAL 


Ethyl 3-Propionyiquinaldate —A mixture of o-aminobenzaldehyde (3-9 g.), ethyl propionylpyruvate 
5-6 ¢) (Diels, Sielisch, and Miller, Ber, 1006, 39. 1333), alcohol (%) ml), and potassium hydroxide 

(0-05 ¢ ) was boiled under reflux for 1) hours. Colourless, slender needies (3-2 g.) separated from the 
cooled reaction mixture. A further 1-2 g. were obtained by dilution of the mother-liquor with water 
Fthyl 3-proponyiquinaldinate separated from alcohol as colourless needles, m. p. 107—108° (Found: C, 
702; H.&8& C\,H,,O.N requires C, 70-0. H, 58%) 

3. Propionylguinaidic Actd.—The above ester (1:1 g.) was heated on the steam-bath with water 
(50 mi) and potassium hydroxide (20 ¢ After } hour the hot solution was filtered and acidified with 
dilute sulphuric actd. Slender, colourless needies (0-9 g.) separated on cooling. Kecrystallisation o— 
water ar ded 3-propromylquinaldic acid as colourless needies, m. p. 153° (decomp.) (Found: C, 67 
H, 48. C,,H,,O,N requires C, 68-1, H, 48%). The acid forms a very sparingly soluble, pale ous 

nalt 


« 

Bay! Ethyl Ketone (V11).--3-Propionylquinaldic acid (2-3 g.) was refluxed with moist anisole 

20 mi.) until decarboxylation was complete (3 hours). The mixture was extracted with 10% h 

chiorie acid and benzene, aod the acid layer was basified, giving a colourless oil which quickly sol 

The dry solid (1-4 @.) was crystallised from light petroleum (b. p. 60-—80°) and then from aqueous 

a er from which it ted as silky, colourless needles, m. p. 70-—80" (Found: C, 77-6; H, 69. 
pa en requires C, H, 60%). The 2:4 ee og a crystallised from i 


m. p. 248-249" (Found: C, 606; H, 40; N, 195. C N 
ws Sep crane rd odin * eae 


requires c 
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wal (00 gh, 3: B-trwchloro-2 .—A mixture of 2: 3-dimeth we Oe). 

chloral (60 g on the steam-bath for 2 

obtaimed by several times trom 13% 

es dried at 80° in a vacuam, 
m. p. 134—135" (Pound : N47. © 


Action of Alkali on 3-Methyl-2-( 2-bydrosypropyl)gusmolame. —A suspension of the 
b — gpemdancempten 0 (15-8 g) in s bot mixture of alcohol 100 mt) and cater (60 ml) was eet eee 
with aqueous sodium hydroxide (10 g. in 35 ml. of water). The clear orange- 
wan cvlpersted 60 drycan, and tne Gd codium agite cure Ghuncived ta ithe water aad wonted with 
a slight excess of acetic acid to liberate a mixture of crude brown acids. Treatment of this mixture with 
concentrated hydrochloric acid (15 ml.) and filtration gave a brown residue (11-5 0 oa 
brownish-red filtrate. C > of the solid from yiekied the 8-( tee * 
- aced hydro Lg ly — lamina, m. p. 220° (decomp.) (Found : 
Cy,H,,O,N THOCE CHAO te O requires . Partial neutralisation with aqueous sodium a. A pe 
lisation from aqueous alcohol ¥ B-(3-methyl-2-quinolyl)acrylsc acid as colourless needles, m. p 
173—178° (decomp.) (Found : C, 728; H, 62. C,,H,,O,N requires C, 73-3; H, 5 2%) 

The deep trownieh4 red filtrate was nearly new with sodium carbonate, and the dark brown 
solid separated, washed with water, and dried (0-4 g.). This mixture of acids was dissolved in dilute 
acetic acid, and air was bubbled through the solution for 11 days, during which the colour faded 
appreciably. The solution was made alkaline with aqueous sodium hydroxide, and the basic products 
were taken up in ether. Evaporation of the ether a small amount of ot], which was dissolved in 
alcohol and treated with alcoholic 2 : 4-dinitrophenylhydrazine sulphate. The orange-red solid 1 6) 
which separated was twice crystallised from alcohol-pyridine, from which it separated as deep ook. 
micro-needies, m. p. 247—-248° (Found: C, 50-8; H, 41; N, 185. Cale. for C Os +3 ; 

41; N, 192%). m. p. was not depressed on admixture J with @ specimen of the yi 
hydrazone of 3-quinoly! ethyl ketone, prepared as described above. A comparison ot the eed r of 
the two specimens with solvents and in habit of crystallisation confirmed their identity. 

The 2. 4-dinitrophenylaydrarone of 3-quinoly! methy! ketone separated from nitrobenzene as minute red 
prisms, m.p. 261—262* (Found: C, 58-1; H, 3-7. C,,H,,O,N, requires C, 58:2; H, 37%). Mixed with 
the above dinitrophenylhydrazone from 2:3. -dimethyig uinc ine, the m. p. was depressed to 242-.246° 


Dyson Perrins Laporatory, Oxrorp University. (Received, October 20th, 1949.) 





155. Polarographic Reduction of Some Heterocyclic Moiecules, 
Part I. The Reduction of Cinchoninic Acid, 


By D. J. Casimir and L. E. Lyons. 


Cinchoninic acid is reduced at the dropping-mercury cathode over the pH range 1—13. The 
mechanism differs with the pH but in every case a total of two hydrogen ions and two electrons 
is used for each molecule. Waves with » « 2 occur in both extremes of pH, but around the 
neutral point the reduction ee in two separate stages, each involving one electron. As the 
slopes of the waves on arithmic analysis do not give simple values the theory of 
van Rysselberghe has been tested but found to fail. Acid conditions are most suitable for the 
determination of cinchoninic acid. 


Tue polarographic reduction of quinoline-2- and -8-carboxylic acids has been studied by Stock 
(J., 1944, 427; 1949, 586). The detailed mechanism still remains in some doubt. The 
behaviour of quinoline-4-carboxylic acid is now reported and discussed. All work was done on 
well-buffered aqueous solutions, at 25-0" generally, from pH 1 to pH 13; potentials are referred 
to the saturated calomel electrode at 25°. The concentration used was, unless otherwise 
specified, 2-00 x 10%. The present work is part of a wider study which should complement 
that of Stock. 

The reduction of cinchoninic acid gives waves over the entire pH range: at pH 1—8 a 
single wave, A, which at pH 8—11 is replaced by two waves, B and C, each half the height of A. 
At still higher pH’s the curve is once more a single wave, D, similar to A in height. As the pH 
rises the reduction becomes more difficult and the curves are displaced to more negative 
potentials. Typical waves are shown in Fig. 1. The lowering of hydrogen overvoltage was 
observed, as is usual with quinoline derivatives (cf. Stock, J., 1949, 763), but in this case was not 
sufficient to interfere with the reduction curve even at pH 1-3. In addition to the main waves 
pre-steps to A and D were observed (see below). Maxima were eliminated by the use of gelatin. 
These pre-steps occurred around pH ee 
Some minor aberrations from a smooth form were observed near the neutral 

The half-wave potential, Ey, of wave A wenn incre oy ast wens 
by Ey = — (0-550 + 0-068 pH) volts. This same equation applies of wave B when pH is 

>8. Fig. 2 shows Ey~pH relationships for all waves. E, of C and A pein ond 
of pH. 
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The wave-heights when plotted against pH showed that waves 4 and D were of approximately 
constant height (11-1 ua.) for pHi 1—8 and pH > 11 respectively, while B and C were constant at 
5 3 ya. for pH &—11, for the given capillary characteristics. In order to compare one compound 
with another examined on a different set-up it is necessary to eliminate the latter factor; conse- 
quently, a plot of pH against the wave-height divided by m®** is shown in Fig. 3, the wave- 
height having been corrected for variations in residual current and in drop-time variation with 
electrode potential, It is suggested that such a plot should become standard in future 
polarographic studies rather than a plot of pH against wave-height in ya. 


Fic. 1 


pHs 31 

















The number, », of electrons per molecule concerned in the reduction process at each diffusion- 
controlled wave may be estimated from Ilkovic’s equation » = ig/605D*Cm**"*, where i, is 
the diffusion current in ya., D the diffusion coefficient in cm." sec.-, ¢ 


the concentration of the 
reducible substance in millimoles /] 


m the mg. of mercury dropping per second, and ¢ the drop 
time in seconds. Taking the value of D to be the same as that of quinaldinic acid, 0-80 « 10°% 
cm.* sec." (Stock, loc. et.), the following (nearest integer) values were obtained: A, n = 2: 
Bene 1; Cn 1, D, m= 2. With the reverse procedure, assuming the value of » to be 
exactly either 2 or 1, the mean value of the diffusion coefficient was 0-88 (4-0-04) « 10°* cm.*sec.~' 
to be compared with quinohne-2-carboxylic acid 0-80 x 10° (from conductivity data), 
quinoline-S-carboxylic acid 0-92 « 10°, and 8-hydroxyquinoline 0-85 « 10° (both from 
polarography) ; 

The plots of log +/(1g — +) against E were generally linear for E near Ey, but the slopes varied 
trom curve to curve. Thus for wave 4 slopes of 0-062, 0-070, 0-079, 0-082, 0-084, and 0-086 
were obtained. Exclusion of a section of wave 4 which seemed possibly to overlie a pre-step 
lowered these values, ¢g., from 0-062 to 0-051. For a two-electron process the corresponding 
slope for a “ reversible” reaction equals 0-030, and for a one-electron process 0-059. The 
discrepancy between 0030 and the observed values might, it was thought, be explicable by the 
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theory of van Kysselberghe (/. Amer. Chem. Soc., 1946, 68, 2047). This theory attempts to 
explain the departure of certain polarographic curves from the reversible reaction slope in terms 
of a Freundlich adsorption isotherm for the product of the electrode reaction. The theory is not 
applicable if the half-wave potential varies markedly with either temperature or concentration 
of the reducible substance. For cinchoninic acid, experimentally Ey = 0-795 v. at 25°, 0787 v. 
at 35°, and 0793 v. at 45° (all compared to S.C.E. at 25°; c= 200 x 10*m.; pH 355). 
Also Ey = 0795 v. for 200 « 104% m., and 0792. for 100 x 10* mu. (25°; pH 355). The 
value of Ey in every case was obtained from a curve which had been corrected for residual current 
(cf. Delahay, Rec. Trav. chim., 1948, 67, 159) and for the 1 drop across the cell (2 being measured 
each time using A.C.). Thus the van Rysselberghe theory might be thought applicable. Under 
our conditions the theory gives rise to the relation dE /di = 0051s, where s = the number of 
molecules which react with two hydrogen ions and two electrons, The number of electrons 
reacting with each molecule reduced is thus 2/*. Measurement of d# /di for wave A gave * 
values in eleven different cases ranging from 1°58 to 3°6 with an average of 26. It follows that 
a obtained from the Ilkovic equation differs from that obtained from the van Rysselberghe 
theory by a factor of more than two. Thus the theory seems not to be of general applicability. 

The variation in ultra-violet absorption spectrum with pH has been studied for quinaldinic 
acid (Lyons, Proc. Roy. Soc. N.S.W., in the press), the polarography of which resembles that of 
cinchoninic acid. From this and other evidence there is no doubt that at pH < 4 the latter is 
present in the form containing H* on the nitrogen atom. Further evidence may be obtained 
from the polarography of 8-hydroxyquinoline (Stock, loc. cit.), where the Ey ~pH plot of (Stock's) 
wave B shows an inflection at pH 5°3, although his larger wave A, which may be cx 
analogous to A of the present paper, shows no such inflection. Casimir and Lyons (unpublished) 
obtained such an inflection for quinoline itself, but here wave A scems to correspond to a one- 
electron process (resembling 8-hydroxyquinoline but not the 2- or 4-carboxylic acids), All 
this, and the fact that the £,~pH plot (Fig. 2) for cinchoninic acid shows no inflection about 
pH 5, means that the first half (4,) of A may not be identified in origin with B which 
is attributable to 

CO“ ott 
|}+H* +e — : ce "a> 5 ae 
nv N 
H 


But to connect A, with the addition of only a single electron to =NH* as the potential- 

determining step is not valid as the half-wave potential of A, varies with pH. All that can be 

done at the present stage of theory is to associate the whole wave A with reaction (24) when 

pH < pK, and with reaction (26) when pH > pK < 8 (K @ dissociation constant of the base). 
ct ,H 


| Hr’ ze —» dihydrocinchoninic acid a \2e) 
wa 
>»  dihydrocinchoninic acid 


< 11 reaction (2) is replaced by reaction (1), followed presumably by 
CO,H _, LOW 


\, ar, 
| } dtee =i 2 § a ae (3) 


. it @ ri 
which may then react with water to give the dihydro-compound. It may be possible to verify 
reaction (3) by theoretical calculations after the method of Maccoll (Nature, 1949, 163, 178). 
Reaction (3) may be associated with wave C. The fact that E, of C is independent of pH 
supports the mechanism. 

For pH >11 the potential-determining step must consist solely of the addition of two 
electrons, in order that Ey of D be independent of pH, the product ion reacting to give the 
dihydro-compound. In ond instance formation of the latter would be followed by di- or 
tri-merisation. 
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Comparative data (see table) for the first main wave of certain quinoline derivatives of 
quinoline show that a similar mechaniam to the above may apply to quinoline-2- (Stock) and 
-+carbonylic acid and &-hydroxyquinoline (Stock), but not to quinoline-§-carboxylic acid 
(Stock) or to quinaldine or quinoline itself (Casimir and Lyons, unpublished). 


Data for the first main wave of quinoline derivatives. 
Derivative 2-CH, 2-CO\H +COH 8-CO,H. $OH 
7 


1 2. 2 I 2. 
FE, at po 0-52 0-52 0-59 0-78 0-95 
Lay pH shope 0-066 0-060 0-061 0-060 0-042 


It is suggested that £, at pH 0 values, together with » values, might serve to distinguish the 
various compounds analytically. The best conditions for straightforward polarographic 
analysis exist in solutions of pH <3 where the wave is single and E, least negative. 

Pre-steps were observed with both the waves A and D and in both cases occurred at potentials 
mostly independent of pH. [That to A occurred at 0°67 v. (pH 1-3 and 3:1); that to Dat 1:36v. 
(pH 11-8), 1°35 v. (pH 12°5), but I-21 v. (pH 104).) The pre-step to A indicates adsorption of 
the ion, and that to D adsorption of the free base on the surface of the mercury drop (cf. Brolicka, 
Z. Elehtrochem., 1942, 48, 278), with the energy of adsorption utilised in the reduction process. 


EXPERIMENTAL. 


Buffer solutions used were made from the following solutions: pH 1:3 and 2-1 : 0-2~-KCl-0-2n-HCl; 
pH 31 and 40: 005u-borax-0-(Sm-succinic acid; pH 49: 0-In-NaOH-O-lm-potassium hydrogen 
thalate H 509 and 70: &in-NaOH--im-KH,PO,; pH 7-2: 06 06m-borax--2u-H,BO,; pH 
2, 10-3, 10-6, 11-1, 11-7, and 124) @1lN-NaOH--In-NaCl-+-lw-glycine; pH §- 8 and 90: 6-lN-NaOH- 
Oilw-H,BO, The cinchoninic acid (m. p. 252-—253") was prepared by H. C. Freeman, whom the 
authors thank The apparatus of conventional design was manually controlled. The cell was connected 
by an agar-saturated potassium chloride bridge to a saturated calomel electrode, all in a thermostat 
keeping the temperature within 46-01 Purified hydrogen was used to remove dissolved oxygen 
The characteristics of the capillary used for most of the work were m 1-24 me. /sec t 5-66 sex 
closed circuit; pH 3.08 mae 1-55) 
The 50-2) coi! resistance galvanometer was shunted and calibrated with a standard meter in series. 


Tes Unsiversiry or Svowey, NS.W., Averratta Recewwed, Nowember 17th, 1949.) 


156. cycloHerylidene Derivatives of Mannitol. 


By FE. J. Bourne, W. M. Corserr, and D. Erxtuwne 


Concentrated acikis catalyse the formation of tricycloherylidene mannitol from mannitol 
and cyclohexanone. Hydrolysis of the tricvelohexylidene compound affords a ds- and a mon 
cycloherylidene mannitel. Conclusive evidence is presented to show that these compounds are, 
reapectively, the 1: 2-3:4-5.6., 1. 2-3: 4-, and 3: 4-cyciohexylidene derivatives 


As part of a wider study of the various cyclic structures which result from the condensation 
of hexitols with aldehydes and ketones, we have examined tnicycloheryiidene manniiol, and 
have obtained unequivocal proof that the three cyclohexylidene residues in this compound 
are attached to the 1: 2-, 3: 4-, and 5: 6-positions, respectively Thus, it is a five-membered 
ring structure which ts favoured in each case. We believe this to be the first occasion on whict 
the synthesis of a cyclohexylidene derivative of a hexitol has been reported 

Trievelchexylidene mannitol was obtained as long needles when commercial D-mannitol 
was shaken with cyclohexanone in the presence of concentrated hydrobromic or 5n-hydro 
chioric acid. Since dilute aqueous acid normally favours the hydrolysis of cyclic acetals, it is 
probable that the high proportion of the tricyclohexylidene compound present at equilibrium 
can be attributed to its extremely small solubility in water. When a solution of tricyclo- 
hexylidene mannitol in hot aqueous alechol was treated with hydrochloric acid, mannitol was 
regenerated, an observation which clearly showed that the new compound could not have 
arisen from the impurities known to contaminate hexitols prepared industrially (see Bourne 
and Wiggins, /.. 1048, 1933 

Graded hydrolyms of tricyvclohexyhdene mannitol with aqueous hydrochloric acid in aleohol 
dioxan gave a crystalline di- and a syrupy mono-cycloherylidene mannitol, together with a 
small amount of mannitol The products were separated by virtue of their relative solubilities 
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in water, acetone, and alcohol. On appropriate treatment the mono- or the di-cyciohexylidene 
compound regenerated the tricyc/ohexylidene derivative. 

The presence of four free alcohol groups in the monocyelohexylidene mannitol was 
demonstrated by its conversion into three crystalline esters, namely the fefra-acetate, the 
tetvabensoate, and the tetratoluene-p-sulphonate. Catalytic deacetylation of the tetra-acetate 
afforded a syrup whose properties were very similar to those of the original 
mannitol. This fact, together with the observation that chromatography on alumina yielded 
only one component, indicated that the syrupy monocyclohexylidene mannitol was not a mixture. 

Proof that the cyclohexylidene residue bridged positions 3 and 4 as in (I), was obtained from 
two different lines of approach, one involving synthesis and the other oxidative . 
First, the well-known | ; 2: 5: 6-tetrabenzoy!l mannitol, prepared by Fischer (Ber., 1915, 48, 
266) from 3 : 4-isopropylidene mannitol, was converted, by treatment with cyclohexanone and 
hydrobromic acid, into a crystalline tetrabenzoyl monocyclohexylidene mannitol, identical with 
that already prepared from the syrupy monocyclohexylidene compound by benzoylation. 
The structures of 1: 2:5: 6-tetrabenzoy! mannitol and of the parent 3: 4-isepropylidene 
mannitol have been well authenticated (see, ¢.g., Ber., 1932, 65, 1055; 1933, 66, 931, and Helv. 
Chim. Acta, 1934, 17, 1574) and it follows that, unless acyl migration had occurred, our product 
was 1: 2: 5: 6-tetrabenzoy! 3 : 4-cyclohexylidene mannitol. 

Secondly, 2 atomic proportions of oxygen were taken up when monocyclohexylidene mannitol 
was oxidised with either lead tetra-acetate or sodium metaperiodate. The formaldehyde 
liberated was isolated, as its dimedone compound, in sufficient quantity to prove that two 
glycol groups occupied terminal! positions in the mannitol molecule. Furthermore, the larger 
moiety resulting from the oxidation gave rise, by hydrolysis and catalytic hydrogenation, to 
p-threitol (LI), identified as its crystalline dibenzylidene derivative. Thus the possibility of 
the cyclohexanone residue spanning any positions other than 3 and 4 cannot be entertained. 

Such a structure, possessing two unsubstituted primary alcohol groups, explains the ready 
formation of a ditrityl derivative (cf. Helferich, Advances in Carbohydrate Chem., 1948, Vol. 3, 
p. 88). Furthermore, since the tetratoluene-p-sulphonate would have contiguous ester groups 
at positions 1 : 2 and 5: 6, it can be seen why almost four moles of sodium toluene-p-sulphonate 
were formed when this ester was treated with sodium iodide in dry acetone (cf. Hann, Ness, and 
Hudson, ]. Amer. Chem. Soc., 1944, 66, 73). 

Attention was now directed to the dicyciohexylidene mannitol, in which two free alcohol 
groups were detected by the isolation of a syrupy diacefale and a syrupy dibenzoate. Since the 
dicyclohexylidene compound consumed one atomic proportion of oxygen and gave one molecular 
proportion of formaldehyde when treated with lead tetra-acetate or sodium metaperiodate, 
these hydroxy-groupings constituted a terminal a-glycol group. Consequently, the compound 
under examination was the 1 : 2: 3: 4-derivative, for the stereochemistry of mannitol obviates 
any necessity to distinguish between the 1: 2- and the 5: 6-positions. The larger fragment 
arising from the oxidative scission should then be a dicycloherylidene aldehydo-p-arabinose, 
and a syrup which analysed correctly for this compound was in fact isolated. When hydrolysed 
with acid, it afforded p-arabinose, which was converted into p-arabinosazone. 





CH, ag CHyOH ~CH, 

HO—¢— HO—t—H Ce = Hu 
o—< — H—C—OH 0 H 

> CHy CHyOH CH 


H—-C—o 


H—<—OH ne A 
CHyOH HyOH 


(Il) (itl) 


A CH, 0-H, 
>—C--H : (? Hh 
’ CH 
Oo-—t—H JAW 
a 


to sqyra/ 
"a ? 3am 
(Vv) (VI) 


Regarding the finer structure of dicyclohexylidene mannitol, three possibilities remained, 
iz.: the 1: 2-3: 4-, the 1: 3-2: 4-, and the 1: 4-2: 3-derivative. However, graded hydrolysis 
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and subsequent benzoylation yielded |: 2: 5: 6-tetrabenzoy! 3 : 4-cyclohexylidene p-mannitol, 
identical with the material already prepared by two different routes, thus eliminating al! but 
the first possibility (111). Since the mono- and di-cyclohexylidene mannitols had been derived 
from tricyclohexylidene mannitol, the last must have been the | : 2-3 : 4-5 : 6-compound (IV) 

The genera! pattern in the tricyclohexylidene mannitol molecule is thus the same as that in 
trissopropylidene mannitol! (V) (Wiggins, J/.. 1946, 13), but different from that in trimethylene 
mannitol (VI) (Ness, Hann, and Hudson, /. Amer. Chem. Soc., 1943, 65, 2215). In both the 
eyclohexylidene and the isopropylidene series, it is the 3: 4-derivative which is most stable under 
acid conditions. It is noteworthy that cyclohexanone and acetone are similar also in their 
reactions with glucose, the |: 2-5: 5derivative being produced in each case (Hockett, Miller, 
and Scattergood, /. Amer. Chem. Soc., 1949, 71, 3072). 


EXPERIMENTAL 


Attempts to purify by distillation, in a high vacuum, the syrupy cyclohexylidene compounds 
mentioned below invariably resulted in thetr decomposition 

1: 2-3: 4-5: 6 Tricycloherylidene D-Manniiol from Mannitol._Commercial mannitol (50 g.), cyclo 
hexanone (106 ¢.<.), and bydrobromic acid (1-25 1.; 4 1-4) were shaken together for 20 hours and then 

yured into ce-water. The precipitated | : 2-3: 4-5 : 6-tricyclohcrylidene D-mannifol was separated by 

tration, washed with dilute sodium hydroxide solution and then with water, and crystallised 3 times 
from alcohol in long needles (36 ¢), m p 82-5—83-5", (a) +15-4° (¢, 1-24 in chloroform) [Found 
C, 683; H, 026%: M. ca. 440 (Rast H,,O, ee C, 683; H, 01%: Mf, 422 

Manutiol Hexa-acetate from 1: 2-3. 4-6: 6 Tricyclohesylidene D-Manniiol.—A solution of tricycle 
hexylidene mannitol (1-00 g.) in alcohol (36 c.c.) was heated with 2n-hydrochioric acid (24 ¢.c.) in a water 
bath at 100° for 2 hours, before being diluted with water and extracted with ether to remove the cyclo 
hexanone produced. The residue obtained when the aqueous layer was evaporated at 60° /12 mm. was 
refluxed for 2 hours with acetic anhydride (8-0 c.c.) in the presence of fused sodium acetate (2 g.), red 
into ice-water, and extracted with chloroform. The extract was washed with sodium hydrogen carbonate 
solution and then with water, dried (MgSO,), and concentrated to a syrup, which crystallised from 
alcohol. Recrystallised from aleohol, the product (0-45 g.) had m. p. 123°, alone or on admixture with 
an authentic specimen of mannitol hexa-acetate 

Graded Hydrolyms of 1: 2-3.4-5 6-Tricyclohexylidene D-Mannitol—A suspension of tricyelo 
hexylidene mannitol (45 g.) in a mixture of dioxan (230 .c.}, alcohol (100 ¢.c.), and 5n-hydrochlori 
acid (70 c.c.} was kept at 35°, with occasional shaking, for 2 hours, by which time dissolution was 
complete. The solution was neutralised with lead carbonate, and the lead salts were removed by 
filtration before being washed with a little water and then with acetone. The filtrate and washings 
were combined and concentrated at 40°/12 mm. to a syrup, which was extracted several times with 
water, Trituration of the insoluble residue with acetone afforded tricyciohexylidene mannitol as needles 
(34 ¢.), m. p. and mixed m. p. 82:5 The acetone-soluble fraction was crystallised once from aqueous 
alcohol and twice from light petroleum, giving | : 2-3 : 4-dicycloherylidene D-mannitol (8-62 g.), ) 
= 54", (a) + 11-2" (¢, 1-07 in chloroform) (Found: C, 63-1; H, 90. C,,H,O, requires C, 63 f 
H, #8%) 

The combined aqueous extracts were concentrated to a clear syrup. which deposited crystals of 
mannitel (40 g.) (confirmed by acetylation) from absolute alcohol. Evaporation of the alcoholic 
mother-liquors left 3. 4-cycloheryAdene D-manniiol (10-0 g.) as a syrup which, when dried at 65° /0-05 mm 
for | hour, had ff 1-4925, [«)}f +17-4° (c, 1-09 in chloroform) (Found: C, 550; H, 84. C,,H,,O, 
requires C, 54-0; MH, &6*%) 

1:23-3:45) 6Tricycloheryiidene D-Manniiol from 1: 2-3: 4-Dicycloherylidene D-Mannitol.—Di- 
eyelohexylidene mannitol (0-04 g.), evclohexanone (0-20 ¢.c.), and S~-hydrochloric acid (3-0 c.c.) were 
shaken together for 30 minutes and the solid product was removed by filtration. After being washed 
with water, it recrystallised from aqueous alcohol in needles, m. p. 80—82", alone or on admixture with 
1. 2-3. 4-5) 6trieyeohexylidese mannitol prepared directly from mannitol 

1: 2-34-45 6Tricycloherylident D-Mannitol from 3: 4-cycloHesylidene D-Mannitol.—3 : 4-cyel 
Hexylidene mannitol (0-50 g ). cyclohexanone (0-70 c.c.), and 5N-hydrochloric acid (4-0 c.c.) were shaken 
together for 20 hours. The solid product was removed by filtration, washed with sodium hydrogen 
carbonate solution and then with water, and crystallised from aqueous alcohol in needles (0-39 g.), m. p 
82-83", alone or on admixture with 1: 2-3) 4-5: 6-trieyelohexylidene mannitol prepared directly 
trom mannitol 

1:2:6. @Tetre-acety! 3 4-cycloHerylidene D-Mannitol —3 . 4-cycloHexylidene mannitol (3-06 ¢ 
was treated with pyrikime (12-0 ¢.c.)-acetic anhydride (6-0 cc.) for 48 hours at 18 The oi] which 
separated when the solution was poured into ice-water crystallised after several hours. Rec lised 
3 times from aqueous alcohol, the acetate (3-07 g.) had m p. 6765-5 aif + §)-7° (ce, 1-12 in chloroform 
(Found: C, 565, H, 70; Ac, 301. CH,O,, requires C, 55-5; H, 70; Ac, 40-0%) 

Regeneration of 3: 4-cycloHlexylidene D-Mannitol from us T etra-acetate —The tetra-acetate (0-552 g.) 
was treated for 45 hours with a trace of sodium in absolute methanol (10 cx Carbon dioxide was 
bubbled through the solution, and the solvent was removed by distillation. The dry residue was 
extracted with chloroform. Concentration of the extracts afforded 3: 4-cyclohexylidene p-mannitol 
as @ syrup (0-286 ¢), wif 1-40965, (aff +17-7° (c, 1-18 in chloroform ‘ 

1: 2°54 6-Tetrabensoy! 3 : 4-cycloHerylidene D-Manmitol. —Benzoy! chioride (1-50 c.c.) was added to 
a cooled solution of 3 4-cyciohexylidene mannitol (0-659 g.) in pyridine (3-0 cx After 18 hours at 
room temperature, the solution was poured into water and the precipitate collected. Three 
ervstallisations from acetone-aleohol gave 1:2 5: 6-tetrabenzoy!l 3° 4-cycloherylidene D-mannitol 
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(0-806 g.), m. p. 147-5—148-5", [a}ff —7-7* (¢, 1-16 in chloroform) (Found: C, 710; H, 58. C,H,,O, 
requires C, 70-8; H, 5-65%). 

1:2: ih 6-Tetr tol: exylidene D-Mannsiol—3  4-cycloHexyiiene mannitol 
(0-829 ted with tal A ; (10 ¢.c.) at 35° for 72 hours, 
before ng poured into ice-water ae ceeeened with chloroform. washed with dilute 
hydrochloric acid we A wee = carbonate Se a ee os filtered, and 
concentrated to a. syru pias Cpe absolute alcohol. After 3 more 
ies “contbem p. 135—137", fa ofa (e, Se oe Se (Found : Cc, 64-9; H, S4; 
3, ye oat Se wires C, 54-7; 

waction of 13 Tae 
nm sae 


acetone (15 ce) and heated laa sealed tube at 100 110° for 8 hours. 
}  Capdattpakes o-dton en tc apietionttien on 
_ a her 3: 4-cycloHex D- Mannitol —3 : 4-cycloHexy! aed 6 (0-350 g.) and 
methyl! chioride (0-745 g.) were dissolved in ine (3-0 cc.) and at room temperature 
‘ones rs. The sticky solid ether (0-960 ¢ B] separated when the solution was poured into 
ice-water, could not be crystallised. It had (a)? + 12-6" (c, 1-12 in chloroform). 

2: 5-Diacetyl 1: 6-Ditrityl 3: 4-cyc loHexylidene p-Mannitol —1 : 6-Ditrityl 3. 4-cye/ohexylidene 
mannitol (0- 706 g.) was dissolved in pyridine (20 oc.) and covtis autartrtte (0-5 c.c.) was added. After 
18 hours, the mixture was poured into ice-water and extracted chloroform. The extracts were 
washed with 5 so acid, colton. hydrogen carbonate solution, and water, dried (MgSO,), filtered, and 
Taman The residual solid, crystallised 3 times from acetone-alcohol—water, a corded 2 5-dsacet yi 

i3 etd ee ee m. 2% 0 a (a)? +0-0° (c, 0-93 in chloroform) 
(Found: C, 780; H, 66. C,,H,,O, requires C, 76-0; 

1: 2:5 :6-Teirabenzoyl p-Manmitol.—Hydrolysis of 1 tty en 4-tsopropylidene 
pD-mannitol (0-503 g.; m. p. 121") by ns method of Fischer (lec. eff.) gave 2:5 6-tetrabenzoy! 
D-mannitol (0-387 g.), m. p. 117 ~1ie, +7 9° (c, 1-3 in tetrachloroethane) (Found: C, 663; H 
52. Cale. for C,,H,O,,: C, 68-2; H, 81 Fischer (loc. cit.) gave m. p. 122-—123", [a)}f +7-83° in 
tetrachloroethane 

Treatment of |. 2: 5: 6-Tetrabenzoyl D-Mannitol with cycloHexanone.—The tetrabenzoate (0- 000 5 ¥ 
cyclohexanone (2-0 c.c.), and hydrobromic acid (0-5 c.c.; d 1-4) were shaken together for 18 hours. he 
heavy oil, which separated when the reaction mixture was poured into ice-water, crystallised when 
triturated with alcohol. Recrystallisation from acetone-alcoho!l gave 1: 2: 5: 6-tetrabenzoyl 3: 4 
eyclohexylidene p-mannitol (0-049 g.), m 147-5-—-148-5° (alone or on admixture with the compound 
mentioned above), (a)ff —7-7° (c, 0-66 in Etesctums. 

Lead Tetra-acetate Oxidation of 3: 4-cycloHerxylidene D-Mannitol.._Tetra-acetyl cyclohexylidene 
mannitol (3-93 x 10~* mole) was deacetylated with sodium in methanol, and the product was oxidised 
with lead tetra-acetate according to the procedure of Hockett and McClenahan (/. Amer. Chem. Soc., 














1939, 61, 1667). The number of g.-atoms of oxygen taken SP Bo g-mol. was 0-37 (10 minutes), 1-26 


(6 minutes), 1-64 (120 minutes), 1-84 (180 minutes), and 1-05 minutes). 

Periodate Oxidation of 3 : 4-cycloHexylidene D-Mannitol.—-(a) Isolation of formaldehyde. 3: 4-cyelo- 
Hexylidene mannitol (0-4 = 10-* moles) was oxidised under the conditions recommended by Keeves 
J. Amer. Chem. Soc., 1941, 63, 1476), and, in 4 hours, 0-673 x 10° mole of formaldehyde, isolated as its 
dimedone derivative (m. p. 189°), was liberated. This represented 1-68 moles of formaldehyde per mole 
of cyclohbexylidene mannitol Longer periods of oxidation resulted in somewhat lower yields of 
formaldehyde, presumably because this initial product was slowly oxidised to formic acid (cf. Hirst and 
Jones, ]., 1949, 1659 

(b) Isolation of dibenzylidene D-threitol. 3: 4-cycloHexylidene mannitol (3-310 g.) was dissolved in 
the minimum volume of water and an aqueous solution (50 c.c.) of sodium metaperiodate (5-12 g.) was 
added. After 24 hours at room temperature, the solution was saturated with salt and extracted with 
chloroform. The extract was dried (MgSO,), filtered, and concentrated to a syrup (0-847 g.) which 
showed positive Schiff's and Fehling’s tests and had »f} 1-4845, (a)f? (equilibrium) —23-1° (c, 1-17 in 
chloroform). This probably was 2 : 3-cyclohexylidene D-liveedibydsoxyenccinic diaidehyde. 

The syrup (0-574 g.) was hydrolysed with »-sulphuric acid (12-5 c.c.) at 100° for 3 hours. The 
solution was neutralised with barium carbonate, filtered, and evaporated at 35°/12 mm. The residue 
was extracted with absolute methanol, and evaporation of the solution left a resinous residue (0-173 g ). 
which rapidly reduced Fehling’s solution 

The v-threodihydroxysuccinic dialdehyde was hydrogenated with mow aoe in alcohol (50 c.c.) 
at 40° /30 atm. for 20 hours. The catalyst was removed by filtration and filtrate was concentrated 
to a syrup, which was dissolved in absolute methanol (25 c.c.). The solution was saturated with dry 
hydrogen chloride, benzaldehyde (10 c.c.) was added, and the mixture was shaken for 20 hours, before 
being neutralised with sodium hydrogen carbonate and filtered. 
40°/12 mm. and the solid residue was extracted with chloroform. Remov 
which afforded dibenzylidene p-threitol (0-060 = m. p. 227°, (a)? —94-5° (c, 0-275 
crystallised twice from alcohol and once from di Haskins, Hann Hudson 
Soc., 1943, 65, 1663) give m. p. 231°, (ae — —90-2° (c, te, 0-80 in 

5 eee 1. 2-3: 4-Dicyclohesylidene D-Mannitol 
acetylated with acetic anhydride (I- wv hay = be. ine (280 cc) 
poured into ice-water and extracted with =e The extract 
acid, sodium hydrogen carbonate solution, and water, dried (N. 
clear syrup, from which the last traces of solvent were removed 
had wf! 1-4798, [al%? +24-9° (c, oe (Found: C, 610; H, #3; Ac. 194. CyH,O, 
requires C, 61-90; H, 80; Ac, 20-2 

5 : 6-Dibenzoyl 1: 2-3: 4- aiid p-Mannitol.— Di ' mannitol (0-219 g.) was 
treated for 18 hours with benzoy! chloride (0-76 c.c.) in pyridine (1-5 ¢.c.) and then poured into ice-water. 
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obut tracted with chloroform. The extract shed with dilute sulphuric 

sodium bydrugen carton solution, and water. It was dried (Na,50,), filtered, and evaporated 

. from all resklual solvent was removed at 60° /0-06 mm. d lhouwr. The product 

rail 17-4" (¢, 1-1 tm chiowobormn) and wif 1-478 (Found : C, 667; H,60. C,H,,O, 
requires C, 60-8; H, 


Lead Tetra-acetate Oxidation of 1: 2-3: 4-Dicycloherylidene D-Mannitol._-When dic 
mannitol (4-83 « 10 * moles) was oxidised with lead tetra-acetate, me agg mk pe 
and McClenahan (Joc. c4#.), the number of g.-atoms of oxygen taken up per g.-mol. was 0-46 (30 minutes), 
0-56 (8 mingtes), 0-78 (140 minutes), 0-85 (210 minutes), 6-06 (260 pA mach My and | 2 (320 minutes). 

ors wader the conditions sscommendied by sven Us 
Dieyclohexylidene mannitol, oxidised for 4 under the conditions recommended by (loc. a. 
gave, per mole, 1-64 moles of formakiehyde, solated as its dimedone derivative (m. p. 189°). 

(b) ny © 2: 3-4: b-decycloherylidene aldehydo-p-arabimose Dwcyclohexylidene mannitol 
(100 @) was ved in aleohol (30 c.c.), and water was added until there was a slight turbidity 
Potasstam metaperiodate (1-345 g.) was introduced and the mixture was shaken for 18 hours, before 
being saturated with sodium chloride and extracted with chioroform. The extract was dried (Na,SO,), 
filtered, and concentrated to a syrup, from which all the residua! solvent was removed at 85° /0-006 mm 
The (078 g.), which restored the colour to decolorised magenta, had a F 1-4800, ial? —5-3° 
le, @ in chloroform) (Found: C, 666; H, #6. C,,H,.O, requires C, 65-7; H, 

fc) Lsolation of D-arabinose. A portion of the dicyelohexylidene aldehyde. panto (0-302 g.) was 
hydrolysed with »-sulphuric acid (7-5 ¢.c.) at 100° for 2hours The solution was neutralised with barium 
pe = age nd wm , and the filtrate con d at 35°, leaving a white solid. This was extracted 

ethanol, from which crystals were deposited when the volume was reduced. 
Roceyetallion’d trom absolute methanol, the product (0-150 g.) had m. p. 158—159°, alone or on admixture 
with p-arabinose, («jf (equilibriam) — 101-5" (¢, 0-61 in water), compared with accepted values m. p 
150-160", fal}? (equilibrium) — 104-6" (in water). With phenylhydrazine, under the usual conditions, 
it yielded b-arabinosazone, m. p. 162-163". 

3: tcycloHerylidene p-Mannitol from 1: 2-3: 4-Dicyclohenylidene D-Mannitol.— Dicyclobexylidene 
p-mannitel (1-08 g) was dissolved in alcohol (80 ¢.c.), and concentrated hydrochloric acid (20 c.c.) was 
added. After 15) minutes, the solution was neutralised with lead carbonate. The lead salts were 
removed by Gitration and washed, first with a little water and then with acetone. The combined 
filtrate and washings were concentrated, the residue being extracted with water. The aqueous solution 
was evaporated, leaving a syrup, from which a little mannitol crystallised on trituration with acetone 
Concentration of the acetone solution yielded a syrap, which was treated for 48 hours with benzoy! 
chloride (0-75 c.c.) in pyridine (1-H cc). The gootes t was precipitated with alcohol. Kec sation 
from acetone-alcohol gave 1: 2:5 6 tetrabenzoy! 3: 4-cyelohexylidene D-mannitol (0-443 ¢), m. p 
147-56— 148-5", alone or on admixture with either of the compounds mentioned above. 
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157. The Manganohalides of Pyridine. 
By W. S. Fyre. 


Dipyridinomanganous chloride combines with dry hydrogen chloride to form a green 
compound, previously formulated as (PyH),MoCl, and here reformulated as H,MaPy,Cl, The 
double salt MoCl,. PyHC1,H,0 has also been reformulated as the acid H, Ma Pye Li SH). The 
potassium salts of these ac uds have been isolated 


A wumeer of compounds of pyridine and manganous chloride have been described 
previously. Pincussohn (Z. anorg. Chem., 1897, 14, 388) gave details of a yellow compound, 
MaCl,. 2PyHCl, and a pink compound, MnCl,,PyHCl, whilst Reitzenstein (ibid., 1898, 18, 290) 
described a green compound, Mnaly,Cl,, and a pink salt, MnPy,Cl,, Meyer and Best (idid., 
1900, 22, 182) described the bromide, MnBr, 2PyHBr. Taylor (/., 1934, 699) revised this work 
and came to the following conclusions: (@) Pincussohn’s yellow compound and Keitzenstein’s 
green compound were identical and best formulated as (PyH),MnCl,; (6) Pincussohn’s pink 
compound was MaCl,, PyHC1,H,O; (c) Reitzenstein had reported that when the green compound, 
MaPy,Cl,, was pressed between filter papers the pink compound, MnPy,Cl,, was produced, 
chlorine being evolved in the change. Taylor proved that no loss of chlorine occurred and that 
the product was MnCl, PyHCl.H,O; (d) the green colour of concentrated solutions was due to 
the MnCl,~~ ion and the pink colour of more dilute solutions was due to the (MnCl,,H,O)~~ ion. 

The present investigation indicates that, in the case of the green complex, the pyridine is 
bound to the manganese atom and is not present as the pyridinium ion. This 
compound has been reformulated as the complex dibasic acid, H,MnPy,Cl,, The 
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PyHCl,H,0, described by Taylor, has also been reformulated as the acid, 
H,MnaPyCl,(OH). The identity of the pink salt, MnPy,Cl,, described by Reitzenstein has 
been confirmed, and a new salt, MnPy,Cl,,2H,0, described. 


EXPERIMENTAL. 


Sprites Cie —This compound is precipitated as fine pink needles on addition of 
oholic solutions of manganous chloride. These can be washed in ether, vacuum dried, 
= a — On asaitios a panes Ma, 1%1; Cl, ei N, 83. — or Pee: yt 194, 
“i; o- . Addition o SS aqueous ee 

also precipitates compound, which is also obtained when pyridine is added to a solution of 
) aeeatent enemamne aici cet but it then redissolves to form the green complex, 


All Ce “chloride ions are precipitated in the cold by silver nitrate. The molar conductivities 
measured at 25° were 


police to ale 


Molar concentration .......... . ool 0-005 0-0025 0-0012 
Conductivity (mhos) ....... soni 191 216 250 280 


These pee are in harmony with complete ionisation into MaPy,** and ar Freezing- 


point n water gave a value of 68 for the molecular weight (Calc. for MnPy,Cl,: 284), i¢., 
a van't Hoff's factor (*) of 4-2, indicating that the complex ion, MaPy,**, is also partly ociated. 


Fic. 1. Fre. 2. 


























0 2M @ 530 6) “0 5 0 15 10 25 #0 35 
0-1 x-Borium hydroxide (c.c.). S~-Potassium hydroxide (c.c.). 


Newtralisation curve of 20 ¢.c. of Neutralisation curve of 1S cc. of 
O im-H,MaPy,Cl,. Su-H,MaPy Cl, 


Dipyridtinomanganous Chloride Dihydrate —This ——— crystallises in large white crystals from 


dilute solutions of manganous chloride and pyridine, and was originally found in the residues remaining 
-~ the crystallisation of MnPy,Cl, (Found: Mn, 16-0; Ci, 22:1. MnaPy,Cl,,2H,O requires Mn, 17-2 

, 22-2%). The didydrate lcses the two molecules of water on continued vacyum desiccation. It is 
-o' deliquescent but is readily soluble in water. Freezing-point and conductivity data are identical 
with those obtained for MnPy,Cl,, indicating that in solution the states of dipyrid ug chloride 
=—s its an ie are probably identical. 

ydrogen 1 etrachlorodspyridinomanganate(11).—(a) This compound was prepared by Keitzenstein's 
method adding pyridine to a solution of manganese dioxide in hydrochloric acid. On evaporation to 
dryness on a water-bath the green compound was obtained. 

(b) The compound was similarly prepared from manganic oxide and trimanganese tetroxide. 

(c) It can also be prepared by evaporating to a solution of manganous chloride in hydrochloric 
acid and pyridine. Pale green crystals are , and this material was used in physical 
mud The @ 1 al epared by passing dipyridii 

( he green material was also pr rogen chloride over dipyridino- 
manganous chloride, this change occurring very rapidly; the Ry A does not change under these 
conditions. 

Examination of the compounds, in these different ~—. by both oan and optical 
tnetiuds indwated their identity (Fou Mn, 15-3; Cl, 306; N, 7-2. Pye: Ma, 
15-4; 





and pyridine hydrochloride. 


tion from pyridine uces dipyridi 


change 
indication of the strength with “the hydrogen chioeide is held in the lattice. The material was 
A typical ft. a f ae ee See In dilute solution ae 
neu ition curve for t a 80) 4 
cures © cotahend, the first stage corresponding to neutralisation of the pyridinium ion and 
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second to the precapitation of manganous bydroxsme. However, in concentrated solutions 4 one-stage 
curve, corresponding to the neutraiisation of the acid, H,MaPy,Ci,, is given (Pig. 2). In dilute 
solutions this material is extensively ae ay Freezing-point essions in aqueous solutions gave 
a value of 60 for the molecular weight (Calc. for H.MaPy ti, 357). This gives a value for s of 4-4 
Molar conductivities measured at 20° were 


Molar concentration Os 1 O-OL ooo 
Conductivity (mhos) i? 186 220 260 


Preparation of UMaly Cl, from Manganese Dioaide and Manganous Chloride —Mangancese dioxide 
dissolved in bydr tc acid, in the presence of pyridine at 6", formed at first a deep green solution and 
only slight amounts of chlorine were evolved even on warming the solution on a water-bath. It thus 
appeared that the deep green solution contained a complex ton of quadrivalent manganese When the 
~wlution was evaporated to crystallisation little chlorine was evolved until near the crystallisation point 
when chlorine was liberated quantitatively: MaQ, + 4HCl « MnCl, + Cl, + 2H,O. At this stage 
the solution became a pale green and pale green crystals separated. The preparation of the green 
complex from manganous chloride was also studied, and no oxygen absorption, as occurs in the oxidation 
of the cobaltous amines, or hydrogen evolution was observed. It thus appears that the complex could 
not be other than one of the manganous ion 

Potassium [ etrachiorodipyrsdinomanganate (1! This pink saif was precipitated when a green, 
concentrated solution of the acid was neutralised with concentrated om hydroxide. It is fairly 
soluble in water. If dilute solutions of the acid are used manganous hydroxide is precipitated (Found 
Mn, 12-4; Cl, 330: Py, 380; K, 162. K,MnPy,(l, requires Mn, 12-6; Cl, 32-6; Py, 366; K 
180%). The isolation of this material indicates that the green complex contains the MaPy,Cl,~~ ion 

Hydrogen I richlorohydrosopyridinomanganate(|1)-—This compound was prepared by Reritzenstein 
by pressing the green complex between filter papers, and was erroneously recorded by him as MnPy,Cl, 
it crystallises from dilute aqueous solutions of H,MnaPy,Cl,, pink crystals are obtained which can be 
washed in ether and chloroform. The compound crystallises as the monohydrate, and this molecule of 
water is lost on vacuum desiccation ‘Pound, in vacuum-desiccated material: Mn, 21-1; Cl, 410 
H,MaPyCl,(OH) requires Mn, 21-1; Cl, 41-06%. Found in air-dried material: Mn, 19-5; Cl, 384 
Cale. for HMaPyCl(OH),H,O: Mn, 199; Cl, 386% It undergoes hydrolysis in dilute solutions as 
does HMaPy,Cl,, and repeated recrystallisations from water produce manganous chloride. By 
neutralising concentrated solutions of the pink acid with concentrated potassium hydroxide the 
potassium salt, K,MoaPyCl,(OH), was obtained 

In this series of compounds there is a steady drop in the 8 refractive index: H,MnPy,Cl,, ng 1-653; 
H,MoaPyCL(OH), ag 1-62; Mol, 2H,O, ng 1-59 

lomic Migration Experiments —-These were conducted on a large number of the coloured solutions to 
obtained evidence as to whether the colour was in the anion or the cation. In the deep green solution 
from manganese dioxide in hydroctiloric acid and pyridine and from manganous chloride in hydrochloric 
acid, and solutions of H,MaPy,Cl, the colour was associated with the anion 

Hydrogen Hexachlorodipyridinomanganate(1V).—The deep green solutions obtained at first from 
the solution of manganese dioxide in hydrochloric acid in the presence of — most probably contain 
the quadrivalent complex acid, H,MoPy,Cl,. This compound has been obtained in an impure condition 
by dissolving manganese dioxide in an ethereal solution of hydrogen chloride and pyridine. It separates 
as 4 green viscous liquid. All attempts to crystallise the material have led to its decomposition, and 
the formation of H,MaPy,Cl, 

Nitrogen could not be determined satisfactorily by the Kjeldah) method; the method used was to 
steam -<listil the pyridine from a strongly alkaline solution of the complex, and titrate the pyridine with 
hydrochloric acid, using a pH-meter 


Discussion, 


There is no doubt that Reitzenstein’s formulation of the green complex as MnPy,Cl, is 
incorrect; the compound does not contain quadrivalent manganese. Taylor formulated this 
complex as a pyridinium salt and doubtless much of the evidence from dilute solutions supports 
this view as the pyridinium ion is a product of the hydrolysis of the MnPy,Cl, ion. However, 
the isolation of the alkali-metal salts supports the formulation of the green complex as the acid, 
H,MaPy,Cl,, The very rapid entry of hydrogen chloride into the complex MnPy,Cl, to form 
H,MnPy,Cl, when the gas is passed over the material, and its equally ready removal by washing 
it with pyridine, suggests that the hydrogen chloride molecule is co-ordinated and not taking 
part in the formation of a pyridinium ion. The addition of hydrogen chloride resembles the 
change of PtCl, to H,PtCl, in which two molecules of hydrogen chloride are co-ordinately bound. 
This compound also is hydrolysed in water, losing hydrochloric acid. The complex dipyridino- 
manganous chloride contains two molecules of pyridine co-ordinated by the lone pair on the 
nitrogen to the manganese. The formation of the pyridinium salt (PyH),MnCl, by molecular 
rearrangement on exposure of the salt to hydrogen chloride would be improbable. Moreover, 
the hydrogen chloride is easily removed by treating the compound with pyridine. It is more 
probable that the chlorine atoms on the hydrogen chloride molecules fill up the remaining 
“paces in the lattice, donating their lone pairs and giving the manganous ion six-fold 
«o-ordination. Freezing-point depressions do not support the presence of a three-ion salt and 
the stability in Kjeldahl nitrogen determinations is not to be expected from a pyridinium salt. 
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Two different structures have been proposed for dipyridinomanganous chloride ; Cox, Shorter, 
Wardlaw, and Way (/., 1937, 1556) concluded that the structure was similar to that of dipyridino- 
cobaltous chloride, which has a trans-planar configuration. Mellor and Coryell (/. Amer. Chem. 

soc., 1938, 60, 1786) proposed an octahedral configuration from magnetic evidence. As the 

maximum co-ordination number of the manganous ion is six, it is not obvious, on the latter 
hypothesis, how water and hydrogen chloride could enter the lattice to give MnPy,Cl,,2H,O 
and H,MnPy,C),. 

Assuming the planar configuration, however, this addition could readily occur with 
the production of an octahedral configuration. It is noteworthy that hydrogen chloride has 
no effect on MnPy,Cl,,2H,O, probably because there are no positions of entry for this molecule. 

The instability of the green liquid, H,MnPy,Cl,, is not unexpected on structural grounds, 
for in this compound the smal) quadrivalent manganese ion is in eight co-ordination. 

Some evidence of the hydrolysis of the green acid in dilute solutions comes from the formation 
of the compounds H,MnoPyCi,(OH) and eventually MnCl,,2H,O on continued recrystallisation. 
The change is essentially H~OH for H~Cl as occurs in the case of the platinic acids. As the 
complex ion is considerably dissociated the hydrogen chloride liberated will combine with any 
free pyridine from the dissociation MnPy,Cl,~~ ~ MnCl,~~ + 2Py. The position of the 
pyridine molecule will then be taken by a water molecule. This change evidently at first goes 
only one stage, for H,MnPyCl,(OH) can be isolated. A general scheme for the hydrolysis is ; 


H,MaPy,Cl, + 2HOH —> H,MaPyCl,(OH),H,O + PyHC! 
H,MaPyCl,(OH),H,O + 2H,0 —> MnCl, 4H,O + PyHC! 


The hydrolysis products and not the parent ions account for the properties of the dilute 
solutions. The freezing-point depressions indicate that in all cases the complex ions are 
considerably dissociated. Again the precipitation of the manganese ion by phosphate indicates 
that a considerable amount of the ion is present at equilibrium. The chloride ions are also 
readily precipitated from all the complexes. Magnetic measurements (Selwood, “ Magneto- 
chemistry,” p. 153, Interscience Publishers, N.Y., 1943) show that all the complexes are 
paramagnetic and that no coupling of electrons has occurred; they are thus normal complexes 
on the Biltz classification. This is in agreement with their instability. 


The author thanks Professor F. G. Soper for his advice and helpful criticism 
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158. Studies in Molecular Rearrangement. Part 11.* Oxotropic 
Rearrangements in the Polycyclic Aromatic Series. 


By E. A. Bravupg, J. S. Fawcerrt, and D. D. E. Newman. 


The 1-aryl-3-methylallyl alcohols (1), where X — I-naphthyl, 2-naphthyl, 9-anthryl, and 
They readily undergo the expected Sothylaity! alookete rearrange. 
to give the corresponding 3-aryl-1-meth 

(11). The structure of the latter was proved by Oppenauer oxidation to the eexouee til) (111) 


X-CH(OH)-CH°{CHMe (I.) —» X-CH°CH-CH(OH)Me (IL) —» X*CH{CH-COMe (IIL) 
which were also obtained by cond tion of the appropriate aryl aldehydes with acetone 


The various derivatives have been characterised by their ultra-violet light-absorption properties 
which exhibit a number of interesting features 





Iw two earlier papers (Braude, Jones, and Stern, J., 1946, 306; 1947, 1087) the oxotropic 
rearrangements of phenylpropenylicarbinol (1; X= Ph) and of a number of nuclear- 
substituted phenylpropenylearbinols (1; X = C,H,R) to the corresponding styrylmethy!l- 
carbinols (II) have been described. The rearrangements take place very readily in the 
presence of dilute acids, and at room temperature proceed either to completion or to equilibnum 
mixtures containing more than 90%, of the conjugated isomers (II), as would be expected since 
the latter are stabilised by the considerable additional resonance energy of the styry! or 

substituted styryl system (Braude and Stern, J., 1947, 1006). It was of interest to extend the 
range of this reaction to polycyclic aromatic derivatives in order to obtain some evidence 
concerning the conjugating properties of polycyclic aromatic groups. Moreover, a kinetic study 


* A paper by Braude, Jones, and Stern, /., 1047, 1087, is regarded as Part I. 
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of such rearrangements and a comparison with the data for phenylpropenyicarbino!l would 
provide some quantitative information, which has been almost entirely lacking hitherto, 
tegarding the effects of polycyclic aryl groups on reactivity. 

The four arylpropenylearbinols (l-aryl-3-methylallyl alcohols) (1), where X = |l-naphthy!, 
2-naphthy!, 9-anthryl, and 9 phenanthry!, were prepared by the Grignard condensation of the 
appropriate aryl bromides with crotonaldehyde. After careful purification by fractionation 
in high vacuum or chromatography, the carbinols were obtained as low-melting crystalline 
solids, with the exception of the I-naphthy! derivative which is a viscous liquid at room 
temperature 


~ CIHECH-CHMeOOC HX CHOCH Me 
ne) 7 'v 
X<CHOM)CHOCHMe > XCHOCHCHIOH)Me ANOBe),COMe, 


! il) “> 
‘ A XCHCH-COMe —— 
Me Me (UL) 


A 
X-Br 4 CHOCHUCHMe X<CHICH-CHO & MeBr KOU 
(Vv) X<CHO + MeCOMe 


| KOH i 
Y 


X-CHOCH COPCHICHX «- 
vi 


On treatment with dilute hydrochloric acid in aqueous acetone at room temperature, the 
arylpropenylcarbinols were readily converted into the higher-melting methyl-2-arylvinylcarbinols 
(3-aryl-l-methylally! alcohols) (11), which were also characterised by their p-nisrobenzoates. 
The isomerisations takes place practically quantitatively under suitable conditions and in 
sufficiently dilute solution. At high carbinol concentrations some self-etherification may 
occur; thus, a 7%, solution of l-naphthylpropenylcarbinol in 90% aqueous acetone-0-Im- 
hydrochloric acid afforded the rearranged carbinol in only 30%, yield, together with a 55%, 
yield of a higher-boiling product, which from its analytical data, its light absorption properties, 
and the absence of “ active" hydrogen, must be formulated as the “ half-rearranged " ether 
(IV) derived from one molecule of unrearranged, and one molecule of rearranged carbinol. On 
carrying out the rearrangement with a more dilute, 2.5%, solution of the carbinol in 60% 
aqueous acetone under otherwise identical conditions, the rearranged carbinol is obtained in 
90%, yield, and hardly any of the ether is formed. Self-etherification in the course of oxotropic 
rearrangement has previously been observed with ethynylpropenylcarbinol (I; X < CHiC) 
(Heilbron, Jones, and Weedon, /., 1945, 81), but in this case the resulting ether was 
fully rearranged. These reactions are analogous to the easy cross-etherification of propenyl- 
carbinols with methanol or ethanol which have also been shown to occur both with and without 
rearrangement in aqueous-alcoholic solution in the presence of dilute acids (Heilbron, Jones 
and Weedon, Joc. ot.; Braude, Jones, and Stern, loce. cit.; Braude and Stern, loc. cit 

Although the 3-aryl-I-methylally! alcohols (I1) differ from the 1-aryl-3-methylally! alcohols 
in their ultra-violet light-absorption properties, the spectral data do not in every case provide 
conclusive evidence for the structure of the rearranged carbinols (see below) The structures 
of the latter were unambiguously proved, however, by Oppenauer oxidation to the methy! 
2-arylviny! ketones (IL1) which were obtained in good yields. The ketones were synthesised 
independently by condensation of the appropriate ary! aldehydes with acetone and characterised 
by their 2: 4-dinitrophenylaydrazone The preparation of methyl! 2-1'- and methyl 2-2’ 
naphthylviny! ketone has been previously described (Gibson, Hariharan, Menon, and Simonsen 
J., 1026, 2247; Wilds, Reck, Close, Djarassi, Johnson, Johnson, and Shunk, ]. Amer. Chem. Soc 
1947, 69, 1085 The reaction between 9-anthraldeh yde and acetone in acid or alkaline solution 
was found to give largely the high-melting di-condensation product d1-(2-9'-anthrylvinyl) ketone 
(VI; xX 9-anthry!) unless a large excess of acetone was employed. As might be expected 
in view of this result, the mono-condensation product, melhy! 2-9'-anthrylvinyl ketone (IIT; 
X « Banthryl) condenses very readily with 9-anthraldehyde to give the di-condensation product. 
The condensation of 9-phenanthraldehyde with aqueous acetone in the presence of dilute sodium 
hydroxide also gave a mixture of products, which was separated by chromatography into {i) 
the desired methyl 2-0. phenanthryloimyl ketone, m p. 85°, (ii) the hydroxy-ketone, 3-Aefo-1-9'- 
phenanthrylbutan-\-ol, m. p. 119°, and (iii) a high-melting dimer of methyl 2-9'-phenanthrylvinyl 
ketone, m. p, 274", probably to be formulated as a cyclobutane derivative by analogy with similar 
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dimers obtained from substituted styryl methy! ketones (Heilbron ef ai., J., 1927, 1888; 1028, 
2323). 

An alternative route to the 3-aryl-1-methylally! alcohols is represented by the condensation 
of methylmagnesium bromide with the §-arylacraldehydes (V). The latter should be accessible 
via the arylaldehydes, but the reaction of acetaldehyde with both |l-naphthaldebyde and 
®anthraldehyde proved very sluggish. This is somewhat surprising in view of the high 
reactivity of the aryl aldebyde towards acetone (see above). In another attempt to prepare 
8-9’-anthrylacraldehyde (V1; X — 9-anthry!) sia §-0’-anthrylacrylic acid, it was found that 
treatment of the acid with excess of thionyl chloride gave, not the required acid chloride, but 
a dichlorinated product which was readily hydrolysed to a monochloro-acid formulated as 
§-(10-chloro-9-anthryljacrylic acid. This approach was not pursued. 

The ultra-violet light-absorption data for the various derivatives are given in the table and 
n Figs. 1—4, and exhibit a number of interesting features. The absorptions of the 1l-aryl-3- 
methylallyl alcohols (I) in this region are very similar to those of the unsubstituted polycyclic 
hydrocarbons, and practically identical with those of 1- and 2-methyinaphthalene, 9-methy!l- 
anthracene and 9-methy!phenanthrene severally, as far as these have been recorded (De Laszlo, 
Z. physikal. Chem., 1925, 118, 369; Jones, Chem. Reviews, 1947, 41, 353; Askew, /., 1935, 509). 
The spectral data thus provide very little evidence for any interaction between the aryl groups 
and the unconjugated ethylenic bond, such as observed (Braude, J., 1949, 1902) in allylbenzene 
and certain related systems. 


Ultra-violet light-absorption properties of \-aryl-3-methylallyl alcohols (1), 3-aryl-1-methylallyl 
alcohols (11), and methyl 2-arylvinyl ketones (111) in ethanol solution. 


(¢ = Concn. of absorbent in g.-mols./l. Cell thickness « 1 cm. throughout, except for X « Ph.) 
Hil. 





7--_ O ~ 
X. . . we Be Ames, At 
Phenyl ** ......... . 2850 


1-Naphthy! . cesses OF . J 2240 


2500 
3300 


0.00021 2 

0-000014 ‘ 5, 2370 
’ ’ 2450 
50,000 ¢ 2650 
13,500 2720 
16,500 3100 

- 13,500 _ 
9-Anthry! ; 14,000 10,500 2170 
130,000 * 115,000 ° 2540 
6,000 3520 
& 500 3450 
8,000 3830 


9-Phenanthry! stones an . 34,500 2500 
48,000 3340 
13,500 - 
12,500 
* Strongly concentration-dependent. ¢ Figures in italics refer to inflection 
' Braude, Jones, and Stern, J., 1946, 306 * Lowry, Moureu, and MacConkey, ’.. , 1928, 3167. 


With the 3-aryl-l-methylally! alcohols (11), the bands are generally displaced towards 
longer wave-lengths, and the data for the naphthyl! derivatives are very similar to those of 
1-propenylnaphthalene (Pestemer and Manchen, Monatsh., 1936, 68, 92) and 2-vinylnaphthalene 
(Laitinen, Miller, and Parks, /. Amer. Chem. Soc., 1947, @9, 2707), respectively. The 


group will be relatively smaller in the polycyclic 
An exact comparison of the data for the unconjugated and conjugated derivatives 
is complicated by the vibrational structure of the bands, but for the purpose of discussion the 
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highest of the vibrational peaks may be taken as the centre of the particular band system. 
The bands of all the polycyclic derivatives fall into two groups, a high-intensity system 
(subsequently denoted by “ E“) in the 2300-2600 a. region, and a low-intensity system 
(subsequently denoted by “ B *’) in the 2000—-3600 a. region. With the conjugated 1I-naphthy! 
derivatives, the displacements of the E bands are smaller than those of the B bands, whereas 
the reverse applies in the case of the 2-naphthyi derivatives. Somewhat related observations 


Pia. 1 


$00 








le 
ire 
if % \ 
i WY 








AA 
1 —Light absorption im ethanol of 1-(1-Naphthy!l)-3-methylally! alcohol 
3.(1-Naphthyl)-l-methyllalyl alcoho! 
Methyl 2-\'-maphthylvinyl ketone 
) Light absorption im cihanol of 1.(2-Naphthyl)-3-methylallyl alcohol 
3-(2-Naphthyl)-l-methylallyl alcohol 
Methyl 2-2'-maphthyloiny! hetome 
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Fia 3 — Light absorption tm ethanol of 1-(9- Anthryl)-3-methylally! alcoho: 
‘ 3-(9- Anthryl)-l-methyially] alcoho! 

Methyl 2-9 -anthryloimy | hetome 

Pia. 4 Lig absorption in ethanol of 1-(9 Phenanthry/)-3 methylally! alcohol 
3. 0 Phenanthry/)-l-methylally! alcohol 
Methy| 2-9'-phenanthrylvimy! ketone 


have been made by Jones (Joc. cit.), who found that in anthracene derivatives, conjugating 
substituents in the 9-position produce smaller displacements of the E than of the B bands, 
whereas the reverse applies in the case of conjugating substituents in the 2-position. Jones put 
forward a tentative explanation of his observations in terms of the linear electronic oscillator 
mode! (Lewis and Calvin, Chem. Reviews, 1939, 25, 273), assuming that the E and B bands arise 
from transitions polarised along the longer and shorter axis of the molecule, respectively. This 
assignment is in agreement with that deduced by Coulson (Proc. Physical Soc., 1948, 60, 257) 
from molecular-orbital calculations. The present observations on the spectral effects of an 
ethylenic substituent in the 1- and the 2-position of naphthalene may be explained in a similar 
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way.* Another effect shown by the polycyclic derivatives in contrast to their pheny! analogues 
is that only the intensity of the B bands is increased, whilst that of the E bands is reduced, by 
the conjugated ethylenic group. 

The absorption of 3-9’-phenanthryl-l-methylallyl alcohol exhibits bathochromic displace- 
ments similar to those of the l-naphthy! derivative. 3-9’-Anthryl-I-methylallyl alcohol, on 
the other hand, differs from the other members of the series in that the wave-length locations 
of the maxima are practically identical with those of the unconjugated isomer, 1-9’-anthryl-3- 
methylallyl alcohol; moreover, the intensities of all the bands are considerably reduced as 
compared with the unconjugated isomer. A similar lack of spectral interaction has been 
observed by Jones (loc. cit.) in 9-phenylanthracene, and ascribed to the non-coplanarity of the 
pheny! and the anthryl groups owing to steric interference between the o-hydrogen atoms of the 
former and the I- and 8-hydrogen atoms of the latter. Many other examples of the 
manifestation of steric inhibition of resonance in spectra! properties have been described (for a 
summary and discussion, see Braude, Jones, Koch, Richardson, Sondheimer, and Toogood, 
J., 1949, 1890) and there can be little doubt that the anomalous absorption of 3-9’-anthryl-1- 
methylally! alcohol also arises in this way. It will be observed that 3-9’-phenanthryl-1-methyl- 
ally! alcohol appears to exhibit normal absorption although free rotation should again be 
hindered ; in this case, however, interference will only occur with the &-hydrogen atom on one 
“ side ’ of the molecule and a coplanar configuration is possible when the end of the side chain 
is inclined towards the 10-position. 

The absorptions of the methy! 2-arylvinyl ketones (III) exhibit relationships similar to those 
shown by the 3-aryl-1-methylally! alcohols and need not be discussed in detail. As would be 
expected, the bathochromic displacements are somewhat greater with the ketones than with the 
alcohols, but very much smaller than those shown by the phenyl analogue, styryl methyl ketone. 
The absorption of the 9-anthry! derivative again shows an almost complete lack of bathochromic 
displacements, probably owing to steric hindrance. The same effect is observed in the 
structurally related oo’-dimethylstyryl methyl ketone (Braude, Jones, and Sondheimer, forth- 
coming publication). 

Another interesting feature associated with the spectra of the polycyclic derivatives is that 
the intensity of some of the bands appears to be strongly concentration-dependent (see Table I). 
This phenomenon is also shown in varying degrees by the parent hydrocarbons and is due to the 
superposition of absorption and fluorescence-emission (Braude, Fawcett, and Timmons, /., in the 
press). The fluorescence activity of the different bands varies greatly; it is particularly marked 
in the high-intensity (E) bands of the anthry! derivatives and napbthylcarbinols, but almost 
absent in the phenanthry! derivatives and the methyl 2-naphthylvinyl ketones. Solutions of 3-9’- 
anthry!l-l-methylally! alcohol exhibit strong visible fluorescence in daylight. 


EXPERIMENTAL. 
(Light-absorption data are only given when not included in Table 1.) 
1-1'-Naphthyl-3-methylallyi Aleohol (1; X = 1-Naphthyl). ry? ny distilled crotonaldehyde (34 g.) 
in ether (100 ml.) was added to |- -naphthylmagnesium bromide (from magnesium, 12 g., and |-bromo- 
naphthalene, 104 g.) in ether (500 ml.) during 2 hours at 0° in an atmosphere of nitrogen. Stirring was 
continued for 2 hours and excess of saturated ammonium chloride solution was then added during 
4 hour at 6°. The ethereal layer was separated, dried (Na,5O,), and distilled in a high vacuum from a 
trace of yy td er carbonate. A small amount of naphthalene (ca. 0-5 g.) sublimed first 
hyl-3-methylailyl alcohol (61 &., te distilled as viscous 
ar 16218 (Found: C, 850; H, C,,H,,O wires C, 
Shurahoweki VU Phys. Chem. Russia, 1909, 41, 1687) gives ei. Sia “206°; p- 
hd WY from light petroleum (b. p. 606—80°) in colourless Syetate, m 118-——119° (Found: N, #1. 
,H,,O,N requires N, 40%). Light absorption in ethanol : Maxima, 2230 and 2640 a., « = 87,000 and 
18° 000, respectively. On prolonged storage in contact with air, the carbinol is slowly converted into the 
conjugated tsomer (below), as a result of the formation of smal] amounts of acidic oxidation products 
3-1'-Naphthyl-|-methylallyl Alcohol (11; X «= 1-Naphthyl).—(a) 1-1’- Salt aes 3-meth ylally! alcohol 
5 g.) was dissolved in 60% aqueous acetone-0-1™-hydrochloric acid (200 ml.), and the solution kept for 
4 hours at room temperature. On dilution with water 3-1'-naphthyl-\-methylallyl alcohol (4-5 g.) 
separated as an oil, which was distilled at 95° (bath)/10* mm. It solidified on storage at 0° and 
crystallised {rom pentane in colourless plates, m. p. 41—-42° (Found : C, 85-1; 
C, 84-8; H, 7-1%). The p-nitrobenzoate cryst from hght petroleum (b. p p- 
ellow needles, m 93° (Found: C, 730; H, 50; N, #1. C,H oe requires C, 72-6; : 
N, 40%). Light absorption in ethanol: Maxima, 2280, 2600, and S910 a., « = 61,000, 17,500, and 
14,000, respectively 


* Since this paper was written, a longitudinal polarisation of the 2300 a. band and a 


transverse 
polarisation of the 2900 a. band of naphthalene have also been deduced by Klovens and Platt (J. Chem. 
Physics, 1949, 17, 470). 


3F 
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(b) 1-1’-Naphthyl-3-methytally! alcohol (5 g.) was dissolved in 90% aqueous acetone—0-1 ™-hydro- 
chiorte acid (75 mi), and the solution for 24 bours at room temperature. On dilution with water 
an oil separated, which was distilled at lo* mm, giving 3-1'-naphthyl-\-methylally! alcohol, b p. 95° 
(bath) (1-6 g., 30%), and « high-bosling fraction, b. p. 250° (bath) (2-75 g.. 56%). On cooling, the 
high-beilag fraction set to a glassy sald which failed to react with sodium or methyimagnesium iodide 
in ether Un the basts of thus evidence and the analytical and ight-absorption data it s formulated as 
1-1 naphthyl I-methylallyi 3-1 -naphthyl-\-methylally! ether (Found C, 884; H, 69 C,,H,,O requires 
C, #8; H, 60%) Light absorption in ethanol: Maxima, 2260 and 2820 4, ¢ = 130,000 and 17,000, 
feaperctively 

Methyl 2-1'-Naphthyivinyl Ketoms (111, X = 1-Naphthyl) —/(e) 1-Naphthaldehyde (4 ¢.; Hinkel, 
Ayling. and a { . 1996, 342), acetone (30 mi), and 1%, sodium hydroxide (100 ml.) were stirred 
together at 40° tor 24 hours. Ether extraction and distillation yielded the ketone (4 g., 8%), 
b. p. 14255 « 10* em... «RP 11-6670 (Wilds ef al, J Amer. Chem. Soe., 1947, @, 1985, give b. p. 163-— 
173°'0-9 mm, 16665) The 2: 4-diniir: or woe crystallised from pyridine in needles, 
m p. 261° (Pound: C, 640, H 44, N, ido lt OLN, requires C, 63-8, H, 43. N. 140%). Light 
absorption tn chloroform Maxima, 2560, 3230, and S74" A, @= 32,500, 16,000, and 37,500, respectively. 

(6) 31% — hthyl-i-methylaily! aleohol (2 g.), alurninium tert. -butoxide (2-5 g.), dry acetone (20 mi.), 
and benzene were refluxed together for 24 hours. Decomposition with excess of sulphuric ac id, 
ether-extraction =A distillation yielded }-naphthyimethylencacetone, b. p. 85°/10* mm., «fF 1-6580 
(1-3 g., 66%), which gave a 2: 4-initrophenylhydrazone, mp. 261°, undepressed on admixture with 
the authentx specimen 

1-2’. Napathyl-S-methylaliyi Alcohol (1, X « 2-Naphthyl).—2-Bromonaphthalene (52 ¢, Newman 
and Wise, | Amer. Chem. Soc, 1941, 63, 2847) in ether (200 mi.) was added slowly to a suspension of 
magnesiom (6 ¢) in ether (200 mi) containing ethy! bromide (0-5 g.). and the mixture was stirred for 
2 hours in an a of nitrogen. - Freshly distilled crotonaldehyde (18 ¢ ) in ether (30 ml) was then 
astes slowly at a stirring continued for a further 3 hours Decomposition of the Grignard 

plex with a chloride solution, molation of the product in the usual manner, and distillation 
from a trace of po oer wa potassium carbonate aflorded 2. 2’-dinaphthyl, m 175° (0-5 g), and 
1-2’ maphthyl 3-methylally! alcohol (277 @., 56%), b. p. w (bath) w* mm., 16190, which solidified 
when kept and crystallised from pentane in fine needles, m. p. 43-44" (Found: C, 848; N, 7-1 
C,H yO requires C, 8408) H, 7-1%) 

3-2'-Naphthyl-\| -methylaily! Alcohol (11; X = 2-Naphthy!).—1!-2°-Naphthyl-3-methylally! alcohol 
5 g.) was dissolved in 60%, aqueous acetone. (0-Im-hydrochloric acid (200 ml.), the solution kept 
or 24 bours at room temperature On dilution with water, 3-2’-napAthyl-\-methylallyl alcohol (4-8 g.) 
separated It crystallised from light petroleum (b © 460") in fine needies, m. p. 04° (Found: C, 
81, HF. Cy,H,,0 requires C, 846-8. HL7 1%) 7 hosmae a from light petroleum 
(>. p. 8-100") im crystals, mp. 113° (Found 727 N, 40 H,,Q.N ry oo 





H, 49, N, 40%) Lixht absorption in doinn Maxima, 2510, 2570, ‘Hoo! 2780, 2800, , and 


S410 4. © 56.500, 28.000, 21 Sou, 19.000, 15.500, and 1,100, respectively 

Methyl 2-2'-Naphthyloiny! K etome (UT X=? Naphthy) 3-2’-Naphthyl-l-methylally! alcohol (2-5 
¢.). aluminiom fri -butoxide (3 ¢), dry acetone (3 mi), and benzene (30 ml.) were refluxed together 
for 24 hours. Decomposition with sulphuric acid gave the ketone (1-5 g.), which separated from 
methanol as crystals, mp. 103-104" (Wilds ef af, loc. ctf., give m. p. 104"). The 2: 44:- er 
hydrasone crystallised from pyridine in needles, m p 268° (Pound: C, 64-1; H, 45; N, 14-9 . Ne 
requires C, O38 HH, 43) N, 14-09%) Light absorption in chloroform: Maxima, 3160 ant 36k 
e « 10.000 and 37,400 respectively 

1-0 Anthryl-3-methylaliy! Aleohel (1 X «= 0Anthryl).—® Bromoanthracene (26 g.. Barnett and 
Cook, J, 1024. 186, 1084) im ether (200 mi.) was refluxed with ethyl! bromide (1! ¢.) and magnesium 
(49 @) for 24 hours. Preshly distilled crotonaldehyde (14 g.) in ether (50 ml.) was then added slowly 
to the ice-cold suspension, and stirring continued for | hour Decomposition of the Grignard complex 
with ammonium chloride, and solation of the precuct afforded 1-9 enthryl-3-methylallyl alcohol (17 @, 
68%), which crystallised from hot ethyl! acetate-light petroleum (b> p. 4-—)") in very pale yellow 
crystals, m p. 114° (Pound) C. 870, H. 64 C.,H..O requires C, 87-1; H. 65%) 

3-9 . Aawtheyl | -coethelalled Alohol (11 X «= @Anthrvh 1-@-Anthryl-3-methylallyl alcohol (5 «.) 
was dimolved in 60%, arpocous acetone} Iu-hydrochionec acid, and the solution kept for 24 hours at 
room temperature On dilution with water, 3-0 anthryl-l-methylailyl alcohol (49 @) separated. It 
crystallised from light petroleum fb p 40-40") in yellow needles, m p. 116° (Found: C, 86-9: H, 6-65. 
C,H, requires ©. 87-1) HH. @5%) The p-witrobenzoate crystallised from light petroleum (b p 

in orange needles, m p 140" (Found: C 75-6, H. 50, N36 C,,.H,.O-.N requires C, 75-6; 
N.3-6%) Light absorption in ethanol: Maxima, 2560, 3510, 3670, and 3860 4., ¢ = 155,000, 
wi) 8) and 7 1) reepectiwely 

Methyl 1.0 Aathrylesny! Ketone (111) XN & & Anthryt fa) A mixture of O-anthraldehvede (2¢ : Fieser, 
Hartwell, and Jomes, Org Sywth.. 20. 11), acetone (20 mi), and 1% sodiam hydroxide (1 ml.) was kept 
at room temperature for 24 hours Filtration viekted |: 5-di-®-enthrvipenia-|  4-dien-3-one (0-4 g., 
18%). which crystallised from pyridine in orange pilates, m p 293° (Foend: C, 91-2, H. 49 C,H,O 
requires C, 81-2; HH. FIN Light absorption in chloroform: Maxima, 2526, 2560, and 3850 a., 
© ~ 146.500, 14.50 and 13. 48), reanectively Addition of water to the filtrate gave methy! 2-0 -anthrylimiayl 
betome (1-4 & , 56%). which crystallised from ethanol! in yellow needles. m p 113° (Found C, 880; 
H, 58 C,,H,0 requires C, 878) H, 57% The 2: é-drusr — dracowe crystallised from 
prridine in needles m p. 244° (Found: C, 67-5: H. #2: N, Id1 Coat Oy N, requires C, 6746; H, 
43, NL, 131% Licht absorption in chloroform Maxima, 4980. « 2.4") On one occasion, a 
different di-condensation product, probally a stereomomerte | 5-4-0’ anthrvipenta 1 4-dienw-3-ome 
m. p 268", was obtained (Found C, 01-4; H, 54 CHO requires C. 91-2; H, 51%). Light 
absorption in chloroform Maxima 2510, 2560, and 3680 4. ¢ 110,000, 105.000, and 7,200 respectively 

5) 3-0 -Aathrvi.i-methvially! alcohal (0-8 ¢ aluminium (tert -butoxide (2 2 iry acetone (10 ml.) 
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and benzene (10 ml.) were refluxed together for 24 hours. Decomposition with sulphuric acid and ether 
extraction gave a viscous oil, which crystallised from ethanol to give methyl! 2-9-aathryiviny! ketone, 
m. p 112", undepressed on admixture with eS 

1: 5 De® enthryipente-| 4-dien-3-one.—A solution Panthryimethylencacetone (0-5 g.) and 
9-anthraldehyde (0-5 g.) in dry ethyl acetate (10 ml.) was saturated with dry ea chloride and kept 
for 2 hours. The !: 5-di--anthryipenta-I : 4<lien-3-one (0-8 g.) was filtered off, and crystallised from 
pyridine in orange plates, m. p. 201°, undepressed om admixture with the obtained above 

1-9'- Phenanthryl-3-methylallyl alcohol (1; X = 9 Phenanthryl).—®9- ophenanthrene (21 g.; 
Austin, /., 1908, 93, 1763) and ethyl bromide (9 x.) in a mixture of benzene (100 mi) and ether (100 mi.) 
were added slowly to a suspension of magnesiom (4 g.) in ether (100 ml), stirred for | hour and then 
refluxed for 7 hours. Freshly distilled crotonaldehyde (11-5 g.) in ether (ao mi.) was added slowly at 0", 
and stirring continued for 2 hours. Decomposition of the Grignard complex with ammonium chionde. 
isolation of the product, and vacuum distillation gave an oil which did not solidify. This was 
chromatographed from benzene solution on an alumina column, a mixture of benzene and ethanol being 
used as eluent, to give solid 1-9'-phenanthryl-3-methylallyl aloohol (15 g., samy. which crystallised from 
light petroleum (b ow) in colourless needles, m. p. 88-89" (Found : , 868; HL. 64. C,,H,.O 
requires C, 87-1; H, 645 

3 Phenanthryl-\-meth jaliyl Aicohel (11; X = 9 Phenan 1).--1-9'- Phenanthryl-3-methylally! 
alcohol (3 ¢.) was 1 mati 60% aqueous acetone 0-Im-hydrochloric acid (200 ml.), and the thon 
set aside for 24 hours at room temperature. On dilution with water 3-9’ -phenanthryi- a vhol 
(2-7 g.) separated. It cxystallienl toon “~ >. (b pa area A in needles, m Found ; 
©,873;, H,66. C,H. Or wires C, 87-1, H, ‘age ety: Cally gOgh requires C1 hexane 
in ee p. 122° (Found : C, 15-9 ates ots NST. alld ee ene 758; H, 48; 
N, 3.5% Light absorption in ethanol: Maxima, 2550 $080 t= 5,000, respectively. 

Me vl 2-0 -Phenanthrylvinyl Ketone (IIL; X « @ Frm & v7 fou and 15.00% l-methylallyl 
alcohol (I g.) and aluminium fert.-butoxide (2 g.) in dry acetone (10 ml.) and benzene (10 aie cone 
refluxed for 24 hours Decomposition with sulphuric acid and ether extraction gave a viscous oil, which 
crystallised from ethanol to give the ketone (0-6 g., 60%). The 2: 4-dinitrophenylhydrazone crystallised 
from pyridine in needles, m. p. 268°, undepressed on admixture with the authentic specimen obtained 
below 

Reaction between 9 Phenanthraldchyde and Acetome.—-A mixture of 9- thrakdehyde (3 g.; Miller 
and Bachman, /. Amer. Chem. Soc., 1935, §7, 766), acetone (40 ml), 10% sodium hydroxide (i mi.) 
was kept at room temperature for 24 hours. Addition of water to the mixture gave a viscous gum which 
did not solidify. This was chromatographed from benzene solution on an alumina column to give 
3 products as follows 

(1) Methyl 2-0 -phenanthrylvimyl hetone (le by 40%), which crystallised from aqueous acetone in 
—— crystals, m. p. 85° (Found: C, 87-5; H, 58%; M, in oe ge 251. Cyslt,,O requires C, 8 


, 7%; M, 246). The 2: 4-dinttrophenyibydracone crystallised from pyridine in needles, m. p 208° 
(Found : C, 67-7; H, 44; N, 12-9. Cast aga , requires C, 67-6; H, 43; N, roo. Light absorption 
D 36,000 


in chloroform : Maxima, 2660, 3240, and A, t= ee 14,500, and 
(ii) 3-Keto-1-0'-phenanthrylbutan-l-ol (0-96 g., "26 ). which crystallised from light petroleum m (b. 
80—100°) in colourless needles, m > F. 119° (Found: C, 82-1; H, 63. Cy H,,O, ives C, 61-8; i 
6-1%). Light absorption in etha Maxima, 2530, 2970, 3250, 3320, 34 0, and 3480 a., « « 71,000, 
13,000, 200, 330, 260, and 290, respectively The 2: 4-dinutrophenythydrazone separated from aqueous 
rystals, m. p. 256° (Found: C, 65-0; H, #7; N, 128. C,.H.O.N, requires C, 
- N, 126%). Light absorption in chioroform : Maxima, 2560, 2000, 2090, and 3600 4. 
« = 67,000, 13,500, 14,500, and 22,600, respectively. 
(ui) A dimer of ‘methyl 2-9’- — rye 1 ketone (0-4 g., 10%), which —— from pyridine as 
colourless plates, m. p. 274 ound 87- 60; M, ir, camphor, 450. C I, requires C, 
87-8; H, 57%; M, 492) Light catia in pe BL Maxima, 2560 Sée0, 20000 0, ‘and Wl a., 
¢ = 125,000, 27,000, 23,000, and 28,000, respectively. 

Reaction between Anthry lic Acid and Thsomyl Chionde. -An lic acid (2¢.; Davis and 
Carmack, J. Org. Chem., 1947, 76) was refluxed with thiony! chlor &.) for 30 neeeee The 
mateet solidified on cooling and crystallised from benzene in San ond needles, m "us 
®,), and is formulated as 8-(9-chloro-10-anthryljacryloyl (Found : C, 67-4; H, 3 cH 
abe C, 67-8; H, 33%). The acid chloride (1-8 g.) was refluxed with 10% potassium hydroxide 
(20 mi) for 30 minutes. The reaction mixture was acidifed, and crystallisation of td eee ign 

nitrobenzene gave a chioro-acid, m. p. 264° (1-6 g., v ), formulated as §-(9-chloro-10-anthryljacrylie acid 
—— Cc, 72-1; H, #2. Cy,H,,O,Cl 22; H, 39%). Light absorption in ethanol : 
ima, 2580, 3770, and 3970 4., ¢ = ~~ ey and 9,400, respectively 
Reaction between \-Nephthaldehyde and _—Acetaldehyde (2 g) was slowly added to a 
surred solution of |-taphthaldebye (2) and 10 methanol 
20 mi). Ether extraction of the reaction mixture 
-naphthaldehyde (0-5 g.) and a po reopen, | fraction 
obtained when using nium acetate as 
Reaction between 0 Anthraldchyde and A i Ct as nan 0 ane 
9-anthraldehyde (2 ¢.) under similar conditions to ther extraction gave a gum which 
could not be solidified. 


; We Gnek Ge Rigs. <a Industria! Research for a Maintenance Grant to one of us 
(J. S$. F). 
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159. The Kinetics of Anionotropic Rearrangement. Part 1X. The 
Effects of Polycyclic Aromatic Substituents on Reactivity. A Com- 
parison of the Electronic Properties of the Phenyl, 1-Naphthyl, 
2-Naphthyl, 9-Anthryl, and 9-Phenanthryl Groups. 


By E. A. Bravpg and J. S, Fawcerr. 


The kinetics of the acid-catalysed oxotropic rearrangements of a sumber of polycyclic 
l-ary!-3-methytally! alcohols (I) to the corresponding 3-aryl-|-methylally! alcohols (11) have 
been determined in aqueous dioxan solution. The results are compared with those previously 
obtained for the rearrangement of I-phenyl-3-methylally! alcohol (phenylpropenyvicartinol) 
(1, X = Ph) and appear to provide the first comprehensive set of quantitative kinetic data on 
a series of polycyclic aromatic derivatives. The rate constants at one temperature increase 
in the sequence @phenanthry!l < pheny! < 2-naphthy!l ~ l-naphthy!l < S-anthryl, bet the 
differences are relatively amall and there is little variation in either the energies of activation or 
the probability factors 

he results are discussed in relation to existing evidence concerning the reactivity of 
polycyclic aromatic systems. (Qualitatively, they are in agreement with the predictions of both 
valency-bomd resonance and molecular-ortital theory, except for the phenanthry! derivative 
An explanation for this anomaly is suggested) Quantitatively, the resalts for the naphthyl and 
anthry! derivatives show a closer correlation with simple valency-bond resonance theory thao 
with molecular-orbital calculations, and a linear relation is found to hold between the rate 
constants at one temperature and the expected number of contributing polar resonance forms 


iw earlier work in this series (Part V, /., 1046, 306; Part VI, /., 1947, 1096; Part VIII, /]., 
1948, 1982), the rearrangement of I-pheny|-3-methylallyl alcohol (phenylpropenylcarbinol) (I, 
X = Ph) to 3-phenyl-i-methylally! alcohol (styryimethyicarbinol) (11; X <— Ph) has been 
investigated in some detail. The isomerisation proceeds with great facility and without side 
reactions in dilute acid solution, and its mechanism under these conditions can now be regarded 
as established with a reasonable degree of certainty. It has also been shown that this type of 
rearrangement is very sensitive to structural changes, being facilitated by electron-donating 


LL) XCH(OM)-CHUCHMe —— >» X-CHOCH’CH(OH)-Me (Il 


and hindered by electron-attracting substituents, as required by its mechanism. Since a wide 
variety of analogues of I-pheny!-3-methylallyl alcohol is fairly readily accessible synthetically, 
this affords an excellent basis for investigating the electronic properties of substituents which 
have not yet been studied in this respect because of a lack of suitable reactions or for other 
reasons. This applies to a surprisingly large number of common and important groups. 
Polycyclic and heterocyclic organic chemistry, in particular, are almost devoid of quantitative 
reactivity data, and theoretical work has considerably outstripped experimental advances in this 
field. 

The present communication deals with a kinetic study of the rearrangements of some 
polycyclic l-aryl-3-methylally! alcohols (1; X = I-naphthyl, 2-naphthyl, %anthryl, and 
®phenanthry!), the synthesis and rearrangements of which have been described (Braude, 
Fawcett, and Newman, preceding paper), The rate constants, energies of activation, and 
probability factors under standard conditions employed in earlier studies are collected in Tables I 
and Ii. As before, the reaction rates were determined spectrometrically, advantage being 
taken of the differences between the ultra-violet light absorption of l-ary!-3-methylally! and the 
isomeric 3-aryl-l-methylally! alcohols A complication arose with the 9-anthryl derivative 
owing to the intense fluorescence of the rearranged carbinol, but this could be overcome by 
suitable choice of wave-lengths (see Experimental). Good first-order rate constants were 
obtained throughout, and the final absorption intensities at the wave-lengths chosen were 
identical within experimental error with those of the pure 3-aryl-1-methylally! alcohols, showing 
that no measurable equilibria were set up. The usual solvent effects were observed, the rate 
constants being decreased about threefold, and the Arrhenius energies of activation increased 
by about 3 kcals.’mol., in 80°, as compared with 60% aqueous dioxan. The rate constants 
at one temperature increase in the sequence %-phenanthryl < phenyl < 2-naphthyl > 
!-naphthy! < ®anthryl, but the differences are small and only cover a range of fivefold variation. 
The values for the two naphthyl! derivatives lie especially close together and their order depends 
m the temperature, the rearrangement of the l-naphthyl derivative being a little faster below 
O°, and a little slower above 50°, than that of the 2-naphthyl! derivative. The Arrhenius 
energies of activation and probability factors for a particular medium are practically constant 
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throughout the series; the differences in energy of activation only slightly exceed the uncertainty 
in the Arrhenius plots (ca. +-0-3 kcal. /mol.). 

The rearrangement of the lower homologues, l-naphthy!l- and 2-naphthy!-vinylcarbinol, has 
been examined qualitatively by Burton (/., 1931, 759), who concluded from indirect evidence 
(the degree of rearrangement accompanying p-nitrob ylation) that the ease of isomerisation 
increases in the order phenyl < 2-naphthyl < I-naphbthyl. 





Taste I. 
First-order vate constant (10° k, min.) for the rearrangements of 1-aryl-3-methylallyl alcohols (1) 
to 3-aryl-1-methylallyl alcohols (11) 1m aqueous dioxzan-O-0lm-hydrochionc acid. 
(Concentration of alcohols, 0-001—0-0lm.; ¢, = dioxan concentration (% v/v) .) 
X= Phenyl! 2-Naphthyl. 1-Napbthyl. 6-Asthyrl. 
a4 80 83 


> 
. 


Temp 
0° 


Sseeesese 


* Values for c, = 80% at 0° are omitted, as solid dioxan tended to crystallise in the media. 
' Braude, Jones, and Stern, /., 1946, 306. The value for ¢ — 80% at 30° is extrapolated from 
measurements at higher acid concentrations. 


Tasie II. 
Relative rate constants (r), Arrhenius energies of activation, and probability factors. 
(Aleyg ~~ Ae Ban/RT, where c, = acid concentration.) 


60°, Aqueous dioxan 80% Aqueous dioxan 
~ punneneuemes 





Phenyl! 
2-Naphthyl 
1-Naphthyl 
9-Anthry! 
9 Phenanthry! 
(Vinyl! *) 
* At RO” ‘ Braude, Jones, and Stern, loc. cit 
* Braude and Jones, J., 1946, 128 (Extrapolated from measurements in aqueous ethanol.) 


Discussion, 


(1) Correlation of Avatiable Data on the Reactivity of Polycyclic Aromatic Compounds.--The 
reactivity of the polycyclic aromatic hydrocarbons is generally stated to increase in the order 
benzene < naphthalene < phenanthrene < anthracene. This sequence is based on a wealth 
of quaiiiative data concerning, particularly, the ease of sulphonation, nitration, bromination, 
hydrogenation, and oxidation, and although it is a commonplace that such qualitative 
comparisons of reactivity without kinetic control can be misleading, there is no reason to doubt 
the validity of the general! result in the present case. The reactions enumerated above include 
both heterolytic and homolytic types, and it is of some interest that the different types of 
reactivity appear to run parallel in this series; however, we are here concerned only with 
heterolytic reactivity and therefore confine attention to sulphonation and nitration which almost 
certainly involve attack by the entities SO,H* and NO,* under the usual conditions (for 
references, see Braude, Ann. Reports, 1949, 46, in the press). The results for naphthalene are 
clear-cut, both sulphonation and nitration proceeding with comparable speed at lower temper- 
atures than those required for benzene, and substitution in the 1- being somewhat faster than in 
the 2-position. Phenanthrene is sulphonated and nitrated with comparable speed at a lower 
temperature than naphthalene, but the evidence concerning the reactivity of the different 
positions is somewhat conflicting; it appears that the 9-, 2-, and 3-positions are most readily 
substituted, with the reactivity probably decreasing in that order (cf. Fieser, J. Amer. Chem. Soc., 
1929, 51, 2460). Finally, anthracene undergoes electrophilic substitution somewhat more 
readily still, but here sulphonation is faster in the 1- and 2-positions, whereas nitration is fastest 
in the 9-position. The abnormal orientation of the sulphonation of anthracene is probably due 
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to steric hindrance which will first become effective at the “ flanked “ meso-pusitions and with 
large reagents, such as SO,H". 

Some kinetic measurements on the halogenation of polycyclic aromatic hydrocarbons have 
been recorded (Laver and Oda, Ber, 1936, 68, 141, 146, 851; Robertson, De La Mare, and 
Johnston, /., 1943, 276; De la Mare and Robertson, itid., p. 270; Wibaut and Sixma, Proc. K, 
Ahad. Wetensch. Amsterdam, 1948, $1, 776), but they do not readily lend themselves to com- 
parison owing to the different conditions employed and owing to the incursion of catalytic 
effects, the brominations of anthracene and phenanthrene are further complicated by the 
simultaneous occurrence of substitution and addition reactions (Price, J. Amer. Chem. Soc., 1936, 
68, 1434, 2101; Pieser and Price, thid., p. 1838). 

Most of the scant quantitate data to be found in the literature regarding the reactivity of 
polycyclic aromatic compounds, as well as the present results, concern side-chain reactions (see 
Table IIT), Shoesmith and Rubli (/., 1927, 3008) and Ingold and Patel (/. Indian. Chem. Soc., 
1930, 7, 05) investigated the neutral hydrolysis and alcobolysis of benzyl, 2-naphthylmethyl, and 
}-naphthyimethy! bromides in 90°, aqueous alcohol and obtained rate constants increasing in 
that order, Bergmann and Hirshberg (/., 1936, 331) determined the rates of alkaline hydrolysis 
of methyl L- and methyl 2-naphthoate in aqueous methanol of unstated composition and found 
that the 1- reacted slightly faster than the 2-naphthyl ester. The rate constants for both 
naphthyl derivatives are smalier than a quoted value for methyl benzoate, but this comparison 
may not be significant since the solvent conditions are not necessarily identical. Recently, 
Gordon, Miller, and Day (/. Amer. Chem. Soc,, 1948, 70, 1046; 1049, 71, 1245) have measured 
the rates of ammonolysis of alky! and ary! acetates in anhydrous ethylene glycol and found that 
the naphthy! esters react about 100 times more slowly than phenyl! acetate. The effective 
reagent in this reaction is believed to be a relatively large ammonia~glycol complex, and the 
exceptionally low reactivity of the polycyclic derivatives is ascribed to steric hindrance. The 
only previous kinetic data for polycychc systems other than naphthyl derivatives appear to 
come from Shoppee's study (J., 1933, 40) of the reversible prototropic rearrangements of 
l-phenyl-3-arylmethyleneazomethines. The order of mobilities was found to be 9-phen 
anthryl < 2-naphthy! < I-naphthy!, but no value could be obtained for the pheny! substituent 
since the |: 3-dipheny! derivative is completely symmetrical 


Tassie Ill, 
Relative reactwities (reaction rates) of polycyclie aromatic derivatives. 


(1) (2). . (6). 
Phenyl! ; (1) 1 
2-Naphthy! ei . 0-01 
1-Naphthy! hs! ‘ , 0-01 
® Anthryl is . ons 
® Phenanthry! “4 
(Vinyl) 


- - - O24 
(1) Sequence of ease of nitration of pe ar aang derived from qualitative data. (2) Oxotropic 


rearrangement of l-aryl-3-methylally! alcohols at 30° (this paper). (3) Prototropic rearrangement 
of \-phenyt3-aryimethyleneazomethines at 86° , toc. ctt.). (4) Neutral hydrolysis of 
arylmethy! bromides at 25° (Shoesmith and Rubli, ioc. ef). (5) Alkaline hydrolysis of methyl 
naphthoates at 60° (Bergmann and Hirshberg, joc. cif.). (6) Ammonolysis of ary! acetates at 30° 
(Gordon, Miller, and Day, joc. cit.) 


Summarising the available evidence, and neglecting exceptions probably conditioned by 
steric hindrance, we find the same order of increasing heterolytic reactivity, phenyl < 
2-naphthy! < I-naphthy! < ®anthryl, to apply to both nuclear and side-chain reactions. The 
position of the ®phenanthry! group, on the other hand, varies; it is below 9-anthry! in nuclear 
cationoid substitution, below naphthyl (and possibly pheny!) in side-chain prototropy, and 
below phenyl in side-chain oxotropy. 

(2) Qualitative Theory.—The generally accepted basis of the electronic theory of substituent 
effects is that substituents increase or decrease, as the case may be, the electron-availability at 
the point of reaction and thereby increase or decrease the energy of activation (E) of the 
heterolytic fission, depending on the electronic requirements of the latter (cf. Hinshelwood, 
Laidler, and Timm, /., 1938, 848). Steric and related factors, on the other hand, are known to 
influence both the energy of activation and the probability factor (4) or entropy of activation. 
The only comparable kinetic measurements on a series of polycyclic aromatic compounds which 
allow analysis of differences in activation energies and probability factors appear to be those 
reported in the present work. The total variation in rate constants is too small, however, to 
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provide a clear distinction as to the extent to which differences in E or A (both of which are 
almost within experimental uncertainty) contribute to variations in A. Nevertheless, since 
earlier work on the effects of benzenoid and other substituents (cf. Part V1, /.. 1947, 1006) and 
unpublished work on the effects of heterocyclic substituents has shown that differences in 4 were 
mainly due to differences in £, it will be assumed that the same applies in the polycyclic series. 
This assumption is supported by the work of Wibaut and Sixma (lec. cit.), according to which 
the differences in the rates of bromination of naphthalene in the |- and the 2-position are almost 
entirely due to differences in E. It therefore appears justified, in the subsequent discussion, to 
employ differences in reaction rates directly as a measure of the electronic effects of substituents. 

As previously (cf. Part V1, Joc. est.), we adopt Ingold's convention (Chem. Reviews, 1934, 15, 
233) of inductive (/) and tautomeric (7) effects, negative signs referring to electron-attraction 
and positive signs toelectron-donation. The tautomeric effect falis into two parts, the permanent 
mesomeric (M) effect present in the ground state, and the additional electronic (£) effect, which 
Tepresents a time-variable polarisability contribution operative in reacting molecules and reaches 
its maximum in the transition state. The time-variable counterpart of the inductive effect, the 
inductomeric effect, is likely to be small and is neglected. On this basis, the effect of a phenyl 
substituent is described as —/,47. The —J/ eflect arises from the fact that the constituent 
atoms of a pheny! substituent, like those of any covalently unsaturated group, have less than 
their normal share of bonding electrons (the double-bond or n-electrons being less “ bonding “ 
than the single-bond or e-electrons). The —/ effect would be expected to increase with increasing 
unsaturation in the sequence vinyl < phenyl < aaphthy!l < anthryl, phenanthryl, but to be 
much less than proportional to the number of double bonds in the substituent, since the additional 
unsaturation will be further and further removed from one particular point, and since the / 
efiect, being mainly electrostatic in origin, rapidly decreases in the distance. The +T effect of 
On cn nnss ca eee 


+» x- or of the type —<C =X" and that the polarity will be mainty determined by 


X. ce the number of possible polar forms increases in the sequence phenyl < 2-naphthyl < 
l-naphthyl < 9phenanthry! < ®anthryl, the +7 eflects woukid be expected to increase in 
that order. The actual reactivity sequence will depend on a combination of the / and T effects. 
In a reaction facilitated by electron-recession, the —/ and —T eflects will reinforce each other 
and the expected reactivity sequence is the same as for the T effects. In a reaction requiring 
electron-accession on the other hand, the —/ and +7 effects will oppose each other and the 
actua! sequence wil! depend on the relative magnitudes of the two effects. These may vary frum 
case to case, as with other —/,+ 7 substituents, such as the halogens, Whatever the resultant 
sequence, the reactivity differences will be smaller than with a reaction requiring electron- 
recession. 

An estimate of the J effects alone may be derived from the dissociation constants of 
the arylcarboxylic acids, arylamines, and aryl-hydroxy-derivatives, if it is assumed that the 
+T and —T effects brought into play by the forward and backward reactions are of squal 
magnitude, so that the equilibria will be determined only by the —/ etiects. (Detailed consider- 
ation shows that this assumption is likely to be only approximately correct.) The available 
data (Table IV) bear out the expected sequence of —/ effects, viny! < phenyl < 2-naphthy!l < 
l-napthtyl < phenanthry! < anthry!. (ln assessing the differences quantitatively, it must be 
remembered that the —/ effects will exert opposite effects on the rates of the forward 
and backward reactions, and that the effect will be magnified in the dissociation constant, 
which is the ratio of the two.) 


Taste IV. 
Dissociation constants of aryl derwvatiwes. 


X-CO,H (in = XCO,H (in 60% 
X. water) | x lu). quetone) (x10. X-OH (x 10%), XONH, (x 10"), 
(Vinyl) 55% 
Pheny! , ow 63° 208 13° 3-02 ¢ 
2-Naphthy! .... m 68? 2-8¢ ood 120° 
1-Naphthy! anes 20-3" _ 0-84° 
22-6* ou _ _ 


om 37¢ om = 


. Chem. Reviews, 1939, 26, 206. © Dusted and tame, J. Saw, Chem. Soe., 1917, 98, 304. 
. Ber, 1937, 76, 1288 * This (see E * Kisenbrand, Z. physihal. 


Chem., 1929, A, 144, 441. * Hall and ’ , 1932, 4, 3469. 








HO Braude and Fawcett: The Kinetics of 


An estimate of the differences in M effects should be obtainable from dipole moments, since 
these will be determined by the sum of the —/ and 4. M effects. From a careful consideration 
of the moments of l- and 2-chioronaphthalene, Hampson and Weissberger (/., 1936, 393; cf 
Ketelaar and Oosterhout, Rec. Trav. chim., 1946, 65, 448) deduced that there is a greater 
mesomeric effect in the |- than in the 2-naphthy! derivative, but in general the interpretation of 
dipole moments in polycyclic derivatives is highly complicated owing to vectorial factors (cf 
Bergmann and Hershberg, loc. cif.; Vassiliev and Syrkin, Acta Physicochim., 1941, 14, 
4i4) 

Turning again to the reactivity data in Tabie III, we see that the estimated differences in 
the rates of electrophilic substitution of the parent hydrocarbons are considerable and follow 
the expected sequence of +T effects. In this case, therefore, the latter appear completely to 
outweigh the —/ effects. Amongst the side-chain reactions, the oxotropic rearrangement of the 
l-ary!-3-methylally! alcohols and the neutral hydrolysis of the arylmethy! bromides are 
facilitated by electron accession (type A; Ingold and Rothstein, /., 1928, 1217), while the 
prototropic rearrangement of the I-phenyl-3-aryimethyleneazomethines and the alkaline 
hydrolysis of the methy! naphthoates require electron recession (type B). As far as can be 
judged, all four reactions display the expected sequence vinyl < phenyl < 2-naphthy! « 
i-naphthy! < 9-anthryl, showing that for these derivatives the +7 again outweigh the —/ 
effects in type A reactions. In each case, the differences in rate constants for the different ary! 
derivatives are remarkably small, in relation both to the effects of other substituents and to 
nuclear substitution. Thus, oxotropic rearrangement is known to be highly sensitive to 
substituent effects, p-methyl and p-methoxy! substituents attached to a phenyl group producing 
approximately 10- and 100-fold increases in rate, respectively (Braude and Stern, /., 1947, 1096), 
yet a ®anthry! as compared with a phenyl substituent only results in an approximately 5-fold 
increase, and the effects of the other polyeyclic substituents studied are even smaller. The same 
applies to the other side-chain reactions, with the exception of the ammonolysis of aryl acetates 
where special factors are believed to be involved. The smaller reactivity differences in the side 
chain as compared with the nuclear reactions may be due to the fact that, whereas the M effect 
must necessarily be the same in both types, the additional & effect may be much less prominent 
in the former than in the latter, as first suggested, in a different connection, by Bird and Ingold 
(J., 1938, 918). This suggestion is also borne out by comparative data for a p-methy! substituent 
attached to a phenyl! group; whereas in oxotropy the rate increase is about 10-fold, it is about 
25-fold in nuclear nitration (Benford and Ingold, /., 1938, 929) and about 400-fold in nuclear 
halogenation (Robertson, Johnston, and De La Mare, loc. ctt.; Berliner and Bondhus, /. Amer 
Chem. Soc, 1946, 68, 2355; 1948, 70, 854) 

In both side-chain oxotropy and side-chain prototropy, the rates of reaction of the 
%phenanthry! derivatives are unexpectedly small. This is unlikely to be due to any steric 
etlect, since this should be even more pronounced with the @anthry! derivative, whereas the 
reactivity of the latter shows a quantitative linear correlation with the pheny! and naphthyl 
derivatives (see below), despite the fact that ultra-violet light absorption properties indicate that 
steric inhibition of resonance occu, in the rearranged isomer (Braude, Fawcett, and Newman, 
preceding paper). It is of course’ possible that steric hindrance plays a part in determining 
the side-chain reactivity of all the polycyclic derivatives, but nevertheless it does not readily 
explain the relatively low reactivity of the 9-phenanthry! derivatives, which therefore appears 
to be truly electronic in origin. If this deduction be correct, it can have only one explanation, 
namely, that the M effect of the phenanthryl group is unexpectedly small, smalier than that of 
the naphthyl and, probably, the phenyl group. In nuclear reactions, where the additional I 
effect is brought into play, this will not be apparent, but in side-chain reactions, where the E 
effect is weak, this will result in low reactivity; in type A reactions the —/ effect will not be 
sufficiently compensated by the + M effect, and in type B reactions, the —/ effect will not be 
sufficiently enhanced by the —M effect. The reason for the supposed abnormally small +M 
effect of the phenanthry! group is not clear; it may be due to the two-directional polarisation 
consequent upon the “ angular " arrangement of the benzene nuclei 

(3) Quantiviatiwe Theory a) Valence-bond method. A simple approach to a quantitative or 
semiquantitative theory of reactivity in polycyclic systems was outlined by Pauling (" The 
Nature of the Chemica! Bond," Cornell, 1940), who pointed out that the reactivities of naphthalene 
in the |- and the 2-position can be dicussed in terms of the respective numbers (m) of possible 
sel{-polarised structures, 7 self-polarised structures may be written containing a formal charge 
in the |-position, and only 6 structures with a formal charge in the 2-position. This treatment 
can readily be extended to the comparison of the reactivities of different systems; thus » 3 
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for a phenyl! group, » = 16 for a 9-anthryl group and # « 13 for a ®phenanthryl group. The 
16 structures for a 9anthryl group are shown below. 


Seif-polarised resonance structures of anthracene with a formal charge im the 9-posshon. 


In the unsubstituted parent hydrocarbons, contributions from resonance forms of opposite 
polarity cancel each other, and the electron density is the same on each carbon atom; but under 
the influence of an attacking reagent, a particular polarity will be favoured and the polarisability 
or electromeric effect will be greater, the largeris. In a substituted hydrocarbon, on the other 
hand, the substituent will result in a permanent mesomeric polarisation (which appears to be of 
prime importance in determining side-chain reactivity) and it is reasonable to suppose that, in 
comparing the effect of the same substituent in different hydrocarbons, the magnitude of the 
mesomeric effects, as well as of the electromeric effects, will run parallel tom. The quantitative 
correlation between heterolytic reactivity and the number of possible self-polarised structures 
depends on the following additional assumptions, amongst others: (1) The contributions of the 
different self-polarised structures of one system are approximately equal; (2) the excess (or 
deficiency in) electron-density is proportional! to the number of contributing structures carrying 
a formal charge at a given point; (3) in side-chain reactions the resonance polarisation (mesomeric 
effect) outweighs any inductive effects. The figure shows a plot of the rate constants for the oxo- 
tropic rearrangements of the l-ary!-3-methylally! alcohols against »; a straight line is obtained 
except for the 9-phenanthry! derivative. The value for the corresponding vinyl derivative. 
1-vinyl-3-methylally! alcohol is included for comparison, and falls accurately on the linear 
plot. On the whole, therefore, the simple valency-bond resonance treatment is very successful 
in the present case, but it indicates an abnormally smal! M effect for the 9-phenanthry! group, 
a conclusion already reached from qualitative considerations. Probably assumptions (1) and (2) 
do not hold in this case. 

A different type of valency-bond treatment, which takes into account contributions from 
excited (Dewar) structures containing ineffective bonds, has recently been developed by a 
number of workers (Svartholm, Arkiv Kemi, Min. Geol., 1942, 15, A, 1; Daudel and Pullman, 
]. Phys. Radium, 1946, 7, 59, 74, 105; Pullman, Experientia, 1046, 2, A, 364; Daudel and 
Daudel, J. Chem. Physics, 1948, 16, 639). The contributions of Dewar-type structures are 
thought to be considerable, and the density of spin-paired, but ineffectively bonded, -electrons 
is expressed as a “ charge totale or free valency number” (Q), which should be a measure of 
heterolytic reactivity. The soundness of the underlying mathematical principles has been 
criticised by Moffitt (Trans. Faraday Soc., 1949, 45, 373), who calculates a different parameter, 
the “ residual affinity “’ (r) which is a measure of the initial ease of displacement of an electron 
on a particular atom (Table V). Both Q and r run parallel, as they theoretically must, to the 
number n, of self-polarised structures, but the plots of & against Q ors are not linear. The scanty 
kinetic data so far available, therefore, indicate that contributions from polar structures are 
more important than contributions from Dewar structures, but further experimental evidence 
is clearly required on this point. 

(b) Molecular-orttial method. A more elaborate approach to a quantitative theory of 
reactivity was initiated by Wheland and Pauling (J. Amer. Chem. Soc., 1935, 67, 2086) and has 
recently been greatly developed by Coulson and Longuet-Higgins (Tvans. Faraday Soc., 1947, 
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43,87; Proc. Roy. Soe., 1947, A, 191, 30; 192, 16; Set. J. Roy. Coll. Sci., 1948, 18, 13; ]., 1949, 
O71). Here the electron densities are calculated by the method of molecular orbitals, assuming 
that the only forces acting on the x-electrons are the exchange forces between paired electrons 
and the Coulomb fields of the constituent atoms. In unsebstituted aromatic hydrocarbons, the 
n-electron densities on each carbon atom are unity, but heterolytic reactivity is expressed by the 
sel{-polarisabilities (y) which are a measure of the change in electron density (expressed in terms of 
the resonance intergral 6 of a n-electron pair) produced by a change in the electrostatic field. 
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Relative rates of oxotropic rearrangement of X-CH(OH)-CH-CHMe 


Pauling and Wheland calculated y for benzene and naphthalene and obtained the values 0°40 
(benzene), 040 (naphthalene, |-position) and 0-44 (naphthalene, 2-position). The results of the 
more refined and extensive calculations of Coulson and Longuet-Higgins are shown in Table V. 


Tammie V. 
Theoretical quantities related lo heterolytic reactivity, 


™ Charge 
Namber of polar totale ' Self-polar “ Residual 
resonance structures (®) (Q).* isabilities’’ (y).* affinities” (r).* 
{Vievi 1 0 500 
Phenyl 3 0073 0 308 0-246 
2-Naphthy! 6 0-097 0405 220 
|-Naphthyt 7 0-123 443 ~(» 206 
v Phenanthry!i 3 _ 442 - 
0 Anthry! 2o 0-25 0-526 o-174 
' Davdel and Daudel, /. Chem Physics, 1948, 16, 639. * Coulson and Longuet-Higgins, Proc 
Rey. Sec, 1947, 198. A, 16, /., 1949, O71. Longuet-Higgins, Sei. ]. Roy. Coll. Sci., 1948, 18, 13 
* Mothitt, Trans. Fareday Soe, 1949, 46, 373 


It will be seen that y again runs parallel, as it theoretically must, to the number » of simple 
self-polarised structures, but the quantitative relationships are somewhat different for the two 
parameters, Thus, whereas the values of m indicate, in agreement with experiment, that the 
difference in heterolytic reactivity between benzene and naphthalene should be greater than the 
difference in reactivity between the |- and the 2-position in naphthalene, the values of predict 
the reverse relationship. Again, it seems reasonable to suppose that the polarisability not only 
of the parent hydrocarbons under the influence of a reagent, but also of the permanent polar- 
isation of a series of hydrocarbon derivatives carrying the same substituent should be directly 





[1950) Anionotropic Rearrangement. Part 1X. 807 


related to y. The figure shows that the plot of the rate constants for the oxotropic rearrange- 
ments of the |-aryl-3-methylally! alcohols against y departs considerably more from the linear, 
however, than the plot of & against m. As before, the value of 4 for the phenanthry! derivative 
shows a particularly large deviation. 


EXPERIMENTAL. 


Materials.—The carbinols are described in the preceding paper. The aryl carboxylic acids for 
dissociation-constant measurements were crystallised from ethanol and had the m. ps i 
theses: benzoic (121°), 2-naphthoic (184°), B-anthroic (217"), and 9 C 
> described (Graude, /., 1948, 1971) 
measurements previously described has beea 
further simplified and improved a Beckman DU photoelectric spectrophotometer for the 
spectrometric assay. This undow ly renders the method one of the most convenient and accurate 
for measuring the rates of organic reactions. 

The appropriate yp 1 Amped a mal carbinol was weighed into a short glass capsule, moistened 
with one or two to 25 mi. of reaction medium contained in a special reaction 
waned (Post ¥, tos at tnsamened tn 0 Ghanenesteaieniiy eumtociinn tea. At suitable time intervals, | ml. 
of solution was withdrawn and immediately diluted to 10 or 50 mil. with absolute ethanol and | mi. of 
0-01m-aqueous potassium hydroxide. The intensity of eye tm of the diluted solution at the chosen 
wave-length was then determined in a }-cm. cell, same solvent being used in the comparison cell 

Normally, one of the maxima exhibited by the rearranged carbinol was chosen for intensity determin- 
ations. A slightly different procedure had to be adopted m the case of the S-anthry! derivative, as 
solutions of the rearranged carbinol are so strongly fluorescent that the maxima do not obey the Heer— 
Lambert law even at low extinctions (cf. Brande, Pawcett, and Timmons, /., in the press); moreover, the 
differences in intensities of the maxima of the two isomers are in any case rather small. It was possible, 
however, to find ee a wave-length (2650 4) on a part of the curve at which the intensity was 


directly proportional to the concentration of rearrangement product and good first-order rate constants 
were obtained in this way. 


Rearrangements of X*CH(OH)*CH:CHMe in aqueous dioxan—0-Olm-hydrochloric acid at 30°, 


non = carbinol concentration (% w/v); ¢ = dioxan concentration (% v/v). 
(I) X = 1-Napbthyl, canon = 0197, & = 0. 
Time (mins.) 0 150 20-0 wo 35-0 
ELS, (at 2960 a) 119 248 279 326 345 


10*” (min.~*) .. ~ 345 344 347 
(Il) X = 1-Naphthyl, crow ~ 0-192, c — 80 
Time (mins.) 0 280 45.1 . 106-0 
ETS, (at 2960 a.) 119 221 268 360) 
wer | (min.*) ....... . 132 132 123 (Mean) 120 
(III) X = 2-Napbthyl, ca2oy = 0-0365, cy = 60 
Time (mins.) .... 0 15-0 23.0 . 45-0 
EYS, (at 245540.) . 123 1040 1410 
10*& (min.~*) —- 310 317 (Mean) 318 
(IV) X « 2-Naphthyl, cnom — 0-0360, o% — 80 
Time (mins.) 0 20-0 40-0 
Ei%. (at 2456 Oe cob 704 1140 
Toy (min.~*) .... _ 132 128 2 (Mean) 127 
(Vv) X = Pina Cnou = 00-0371, cg = 60. 
Time (mins.) .............. 0 61 8-0 
EY, (at 26504.) . 230 246 
ry ‘(min- *) 780 800 (Mean) 800 
(VI) X = ®Anthryl, com = 00372, & = 80. 
i i) 10-0 15-0 
165 207 224 
-- 308 30s 
(VII) X = 9-Phenanthryl, gon — 0-191, oy = 60. 
20-0 280 
EVS, (at 30a) ..... 174 
10*% (min.~*) 146 149 
(VIII) X ee © nom 0-185, ce = 80. 
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The rate constants were calculated from the expression 4 — 2-3 logi(a — «,)/(@ — *))/f, where 
( = time in minutes, s, ~ initial intensity, s « intensity at time ¢, and « « final intensity at ‘the wave 
fength chosen. The final intensities « were identical within experimental error ( + 2%) with the intensities 
at the same wave-lengths of the pure rearranged carbinols. Some typical runs are reproduced above 
The majority of the 4 values given in Table | are averaged from several runs. 

Energies of activation (E,,,.) were computed gra from the plots of rate constants against 
1/7. The plots were satisfactorily linear y factors refer to specific rate constants (A/¢,) 
and were calculated from the expression log A = OTE. + log (Age /ég) — 1-78, where c, = acid 
concentration ~ OOlm 

Determination of Dissociation Constants —The dissociation constants of the ary! carboxylic acids were 
determined trophotometrically in nom | vol) aqueous acetone, bromophenol-blue being used as 
indicator (Per the oe nciples po Me metric and spectrometric acidity measurements, sce 
Birode, J. Amer, Chem. Soe., 1924, @, 581; Braude, /., 19468, 1971; Stock and Davies, /., 1949, 1371) 
High accuracy was not aed = for the present purpose and a simple procedure was adopted in which 
the hydrogen-ion concentration of suitable carboxylic acid solutions was determined by direct inter- 
xolation of the indicator ratios with those of dilute hydrogen chloride solutions. Since the commercial 
Sremephene! blue employed is not a pure substance and also since it is somewhat unstable in solution, 
absorption intensities are not recorded in absolute units, but as extinctions (£) of neutral and acid 
solutions of identical indicator concentrations (ca. 002%). FE values were determined at the maximum 
(5850 4.) in a t-cm. cell, a Beckman DU photwelectric spectrophotometer being used. In the following 
table, Ey refers to the neutral solutions and &, to the acid solutions, ¢ is the acid concentration 
im g.-mols./1., and J is the indicator ratio gives by (Ls E,)iEs 


Acid 10 «. Es. Ey 
Hcl o4 715 O40 
o6 ©7715 105 
os @715 121 
. ia ®716 0-082 
Hen sot is 1449 u 330 
2-Naphthotc loo 1440 eas 
9-Anthrow 5-7 1-463 o2% 
9 Vhenanthrox os 1-449 oo 


10 (H*). f 1? Ky, 


Ow 
0-92 
ow 
oe 


weuMunenuoc 
SECS e4s ~ 
< 


On plotting the acid concentration ¢ against / for the hydrochloric acid solutions, a straight line is 
obtained in the range / « 0-5—-5-0 which is also that of highest accuracy in / (Braude, loc. cv Since 
hydrogen chloride is almost completely dissociated in 60% aqueous acetone (cf. Braude and Stern, J] 
10468, 1978), and since the ionic-strength correction (Stock and Davies, joc. cit.) is neglmible at the low 
acid concentrations employed, mq can be equated to the hydrogen-ion concentration [H*)}. The 
hydrogen-ion concentration of the carboxylic acid solutions could then be evaluated directly from the 
i-[H*) plot. The data show that, under the conditions chosen, the carboxylic acids are all less than 
15%, dissociated and the dissociation constants A, are given by Ks fH* }* /(e *)). The activity 
coethcients / were calculated from the expression log / 1-1 4/7, based on the limiting Debye-Héckel 
equation which should be sufficiently applicable at the low ionic strengths involved. The dielectric 
constant of 60%, aqueous acetone at 25° was taken as 48 (Akerl6t, ]. Amer. Chem. Soc, 1932, 54, 4125). 
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160. The Kinetics of Aromatic Halogen Substitution. Part VII. 


Nitrosobenzene and Azobenzene. 


By P. W. Ronmerrson, T. R. Hircnines, and G. M. Witt 


The reaction between bromine and nitrosobenzene in carbon tetrachloride shows a period 
of induction, and in the presence of hydrogen bromide proceeds at a rate 10"* times as fast as the 
bromination of benzene under the same conditions. Hydrogen bromide is consumed in the 
process, and is also found to react with nitrosobenzene in carbon tetrachloride by a very fast 
reaction. A mechaniam is proposed involving, as the first stage, the formation of the compound 
PRN BrOH, which after rearrangement further reacts with bromine to form the various 
products. Azobenzene gives a measurable reaction with bromine in acetic acid at 35° only in 
the presence of hydrogen bromide, and here also the first stage appears to involve the preliminary 
addition of hydrogen bromide. Water decelerates this reaction to an unmeasurable rate in 

% aqueous acetic acid, and in the same mixed solvent chlorine reacts with azobenzene at a 
ane rate, five times as fast as with benzene 


NITROSOBENZENE on bromination in carbon disulphide readily forms p-bromonitrosobenzene 
to the extent of as much as 40%, together with other compounds, of which pp’-dibromoazoxy- 
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benzene is present in the greatest amount (Ingold, /., 1925, 513); likewise in benzene solution 
there is rapid formation of p-br (Le Févre, J., 1931, 810). This easy 
fera-bromination of nitrosobenzene is unexpected, as the nitroso-group, although it can exert 
a +T effect, has —T, —/ characteristics also; its dipole moment (32 v., directed away from 
the benzene ring) is greater than that of a fert.-alky! nitroso-compound, a condition that usually 
determines mefa-substitution and a slow rate of reaction. It has been suggested that the 
reaction taking place is the bromination of a dimer (Hammick ef ai, J., 1934, 29). We find 
from light-absorption measurements that there is very little difference in the intensity of colour 
of solutions of nitrosobenzene in acetic acid (in which the solute is unimolecular), carbon 
disulphide, and carbon tetrachloride, over the concentration range, ™/40-—m/160, at 16°. It 
seems probable that the concentration of the dimer in these solutions is too small! to cause 
the rapid reactions that are observed, even if it should have a constitution favourable for 
op-substitution. 

Nitrosobenzene reacts with bromine in carbon tetrachloride at a variable rate, and on 
examination of the solutions in a dim light a period of induction may sometimes be observed, 
the start of the reaction being indicated by a cloudiness spreading through the liquid. With 
added hydrogen bromide, there is no period of induction, and the reaction becomes moderately 
reproducible, a reaction mixture containing nitrosobenzene (™/80), bromine, (™/80), and 
hydrogen bromide (m/400) having a half-reaction time of three minutes at 17°; rising bimolecular 
coefficients indicate the autocatalytic nature of the process. 





% bromine absorption (1) 20 w» oY tou) 70 
Ay (arin gem bh) once 20 23 25 27 w % 


In these experiments, the reaction was stopped by shaking the solution with aqueous 
potassium iodide, and it was established that iodine which entered the organic phase during 
the titration was not acting as a catalyst, though the opposite is usually found for bromination 
in carbon tetrachloride. 

It is instructive to compare the rates of bromination of nitrosobenzene and mesitylene. 
The latter has been shown to halogenate about 1(* times faster than benzene (/., 1043, 276), 
and therefore about 10° times faster than chlorobenzene (/., 1948, 100). Catalysis by hydro- 
bromic acid of its bromination (reactants, mw /40, in carbon tetrachloride at 25°) results in only a 
threefold increase of rate with m/10-catalyst, the initial rate under these conditions being 
given by A,(s = 10) = 03. Thus nitrosobenzene, which brominates only slowly in the absence 
of a catalyst, reacts with bromine some 100 times as rapidly as mesitylene (and hence perhaps 
10” times as rapidly as benzene), when hydrobromic acid is added, despite the expected 
deactivation of the aromatic ring by the nitroso-group. These facts indicate that the 
bromination of nitrosobenzene proceeds by some mechanism other than that of normal 
electrophilic substitution. An atom-chain mechanism appears to be excluded as the rate of 
reaction is insensitive to light, and is the same in a nitrogen atmosphere as in the presence of 
air, the oxygen of which might oxidise the hydrogen bromide and initiate chains. 

In another series of experiments in carbon tetrachloride the rates were measured by stopping 
the reaction with a dilute solution of sodium peroxide, and titrating the bromide ion produced. 
Part of the total bromine could not be accounted for, owing to the fact that some of the bromine 
of the hydrogen bromide formed had entered the benzene ring. The reaction, measured in 
this way, was found to proceed at a similar fast rate, and with m/80- (and also m/40-) reactants 
the disappearance of hydrogen bromide amounted to about 45% of that which should have been 
produced by substitution. 

The reaction between nitrosobenzene and hydrogen bromide was examined kinetically. 
With /80-reactants in carbon tetrachloride at 17°, the reaction proceeded rapidly to 50% 
absorption (0°7 minute), and stopped with about 70% absorption of the hydrogen bromide. 
The products of this reaction were found by Bamberger et el. (Ber., 1899, 32, 210) to be p-bromo- 
phenylhydroxylamine, pp’-dibro yb p-bromoaniline, and 2: 4-dibromoaniline. 
As p-bromophenylhydroxylamine is an intermediate product, we have also studied the reaction 
between phenylhydroxylamine and bromine. With m/40-reactants in carbon tetrachloride 
at 17°, 80% of the bromine was absorbed in about 0-7 minute, and a further 5% more slowly. 
The products of this reaction included a dark, slightly soluble material, and p-bromonitroso- 
benzene. 

The results of these various rate-measurements, and the experiments 
Bamberger, provide evidence for establishing a probable mechanism for 
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nitrosobenzene. The reaction begins by the addition of hydrogen bromide to the nitroso. 
benzene, and then proceeds as now indicated, ali the changes being rapid ones. 


‘. 
' ’ ee —— CoH Be NBrOH —> C,H, BrNO (+ HBr) 
PoNO —> PANBrOH —> C,H ,BeNHOH—| 
+Bs mite CH, Bie NNO-C HBr 
$C 4 Beno 

Stage 2 in this scheme is analogous to the conversion of N-bromoacetanilide into the 
p-bromo-derivative; stages 3 and 4 are to be expected as a similar change takes place on the 
bromination of phenylhydroxylamine, and stage 34 takes place by condensation of the 
pP-bromophenylhydroxylamine with p-bromonitrosobenzene. An alternative side-reaction 
proceeding to a limited degree appears to be, C,H,Bir-NH-OH —» C,H, Br(OH)-NH, —> 
C,H, Br(OH)-NIN-C, HBr, as we have found that on treating the reaction product with aqueous 
alkali a yellow solution is obtained. This is consistent with the intermediate formation of 
pP-bromophenylhydroxylamine, as its change to 4-bromo-2-hydroxyphenylhydroxylamine is 
known to take place. 

With equimolecular amounts of nitrosobenzene and bromine about 10% of the bromine 
remains unconsumed, and since about 45 molecules % of hydrogen bromide are used in 
proceeding by route 34, about one quarter of the total bromine must take part in the formation 
of more highly substituted products. As, according to Bamberger, p-bromoaniline is produced 
by the action of hydrogen bromide on nitrosobenzene, this would be brominated to 
form tribromoeaniline. Another change requiring more bromine is, C,H,BrNBrOH —> 
C,H, Bry NH-OH ——» C,H, Bry NO-N-C,H,Br, and tribromoazoxybenzene has been identified 
as a product (Hammick ef ai., loc. cit.) 

The reactivity of the bromine in p-bromonitrosobenzene has been discussed in connexion 
with the anomalous bromination of nitrosobenzene. This bromo-compound reacts with silver 
nitrate in acetic acid solution not only more rapidly than p-bromonitrobenzene but even more 
rapidly than picry! bromide (Le Févre, loc. cit.). Here also a reaction involving initia! addition 
to the nitroso-group is not excluded, or it may be possible that the reactive molecule is 


"S<Y=n0n 


Azobenzene, on monobromination in acetic acid, forms p-bromoazobenzene (Janovsky and 
Erb, Ber., 1886, 19, 2156; 1887, 20, 357; Burns, McCombie, and Scarborough, /., 1928, 
2028). We have now made a kinetic study of this reaction. A freshly prepared solution of 
u /40-bromine in acetic acid did not react with m/40-azobenzene (at 35°) during 16 hours. If 
this bromine solution is kept a fortnight or illuminated for several hours (both of which 
procedures have been found to cause the formation of a smal! amount of hydrogen bromide), 
or if hydrogen bromide is added, the reaction then proceeds. In the presence of sodium 
acetate or water, the reaction is inhibited. The bromination of azobenzene can be examined 
only with smal! amounts of hydrogen bromide, as this causes the formation of an insoluble salt, 
PANINPh. HBr, and for this same reason the reaction can be followed kinetically only during 
the initial stages under the selected experimental conditions. The rates determined with 
u /40-azobenzene and /40-bromine at 35°, in acetic acid solution which contained (ca. w/1000-) 
hydrogen bromide and varying amounts of added water, are : 

H,O (%) . _— : 0 10 25 
a, (2 = 5) a 0-05 0.0040 ~0 

The effect of water on normal electrophilic substitution is to cause a considerable increase in 
the rate of reaction. It is evident that in the bromination of azobenzene a special mechanism 
operates involving the participation of hydrogen bromide. It was further found that hydrogen 
bromide very slowly added to azobenzene, giving a product in which the bromine no longer 
reacted with silver nitrate. It is therefore proposed that the first stage in the bromination of 
azobenzene proceeds by the addition of hydrogen bromide : 


, s 
; Tg? PAN BeNH-CHyBe —> PaNGN-C,H,Br( + HBr) 
PRNINPh ——> PRNBr-NHPh 
+n ; 


ce 
= C,H, Be NIN Ph) + 2HBr) 


4 a C,H YNH, Br, ,H,( NH, Br, + 5H Br) 


Ve 
> C,H, BeNH-NHPh— 
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As the bromination of azobenzene is very considerably faster than its reaction with hydrogen 
bromide, the change is considered to proceed chiefly by stages 2 and 3. Route 2a appears 
to be followed to some extent, however, and it is possible that tetrabromobenzidine, identified 
as a product by Mills (/., 1894, 54), arises in this way, vie a benzidine change and subsequent 
bromination (route 3). 

The theory involving the prior addition of hydrogen bromide in the bromination of 
azobenzene explains also the behaviour of related compounds, Under the conditions in which 
azobenzene is brominated, ~-methylazobenzene does not react (Burns ef al., loc. ett.); the 
ditference in the electronegativity of the nitrogen atoms in this compound causes the formation 
of the addition product (I), which, according to the scheme proposed, is unreactive, since the 
position para- to the amino-group is blocked. 


Me" > -NH—-NBr~ = <> —wor--< 
(1) ° (th) 


Azoxybenzene, which, like azobenzene, reacts with bromine in acetic acid only in the 
presence of hydrogen bromide, would give preferably the addition compound (11) and this 
would be substituted in the benzene ring not attached to the NO group, as is found 
experimentally. 

The chlorination of azobenzene, like its bromination, does not proceed with a freshly 
prepared solution of chlorine in acetic acid, but only when hydrogen chloride is present. Water 
added to the acetic acid solution causes the rate to increase towards the true electrophilic rate. 
Such a reaction was not observed with bromine because the substitution is slower by several 
powers of ten than chlorination, and becomes unmeasurable. The rate of chlorination of 
azobenzene in 20% aqueous acetic acid at 25° (A, = 0°055) is about five times that for benzene 
(k, = 0-012) under the same conditions. 

Although azobenzene, like nitrosobenzene, has lone pairs of electrons on the nitrogen atoms 
capable of conjugation with the aromatic ring (structures I11, IV, V), such conjugation appears 
not to be favoured, since the C-N and N-N bond lengths in azomethane and azobenzene are 
almost identical (Brockway, Rev. Modern Physics, 1936, 8, 231; Hampson and Kobertson, 
J., 1941, 409). Such structures apparently contribute to an extremely limited extent to the 


+ ‘ . pean 
e a N—N Lise ahaha Ce a JN N= Le ” 
(111) (Iv) (Vv) 


polarisability of the molecule, since it has now been shown that azobenzene reacts with chlorine 
only a little faster than benzene, and, correspondingly, the apparently fast bromination of 
nitrosobenzene involves a special mechanism. The relative unreactivity of these compounds to 
electrophilic halogenation should be contrasted with the great reactivity of acetanilide and 
aniline; the former compound brominates about as rapidly as mesitylene (Part I, J., 1943, 
276), and therefore some 1(* times faster than benzene. 


EXPERIMENTAL. 


The nitrosobenzene was prepared as required and was kept in a refrigerator before use; the different 
samples melted at 67°. 

ypical rate of bromi absorption are: ™/M0-PHNO + m/80-Br, + m/400- 
HBr, 8 mi. fo Os, at 17°; 20 mi. of Ki + 20 ml. of /80-Na,S,O, added; 8 mi. of this aqueous 
solution titrated wn /200-1,. 





5 10 12 1 3 65 . 

42 78 &7 90 32506 «(66 a7 o1 

27 73 “4 as 15 45 a3 aD 
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A rate measurement in which bromine and hydrogen bromide were determined gave the following 


PhNO Br HBr; & on 17°; Bn? . ft os soln. 
sain nal yen Thala gn ~ Fed BT an 7 OT tamed cue ore. 


Time (mins.) Tin mi cvppsoacosececesevens © 7 as 


‘ 8 10 20 
— 178 6446 eee 
Br, + Bees Halle abeorbeen @ a2 oo 106 127 139 M47 
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Other rans gave similar resalts, and the average of 10 runs, with reaction times 20 to @ minutes, 
showed 146% « rion 


“/40-PRNO + #)-HBr; § mi. in CCl, at 17°; titrations as in the experiment just described : 


Time (mins) biaieuies pedehpensvest 0 3 7 2 
Titre (ml) 31 1-2 i oO9 
HBr absorption (%) 0 61 65 


‘ 
“/40-PRNM-OH + «/40-Br,; in CCI, at 17 


Time (mins) OF . 
Bromme absorption (%) eevee . 87 87 


Atobenzene, mp. 0-67", and azoxybenzene, m.p. 34-35", were used for the following 
measurements w/40-Asobenzene + ™/40-Fir, + approximately ™/1000-HBr at 35° in acetic acid; 
eo =~ 6t « 42) © ~ 10. ft = 100 (at about « = 10%, absorption of bromine, solid began to be deposited) 
im acetic acid containing 10% water, « « 5, { «= 500. Other measurements, with bromine and an 
unknown amount of hydrobromic acid, similarly showed slower rates in aqueous than in glacial acetx 
acid, and also were subject to considerable retardation by added sodium acetate. ™/40-Azoxy 
benzene + /40-Br, + approximately “/1000-HBr; «= 56, f = 100 Both water and sodium 
acetate also reduced the rate of bromimation of this compound. /40-Azobenzene + m/40-Cl, in acetic 
acid comtaining 20%, water at 25°, 2 « 10,1 = 80 


The relative absorption by nitrosobenzene in different solvents was compared by use of a photo 
electric colorimeter, for the red light of a mercury-vapour lamp. The following percentage transmissions 
were recorded at 16°: ™/40-solution, in CCl, 38; in acetic acid, 36; in CS, 37; ™/80-solution, in 
OO, 62-5; in acetic acid, 52-5; in CS,, 53-5 

Victosta Untvessirry Coitece, 

Wettiworow, New Zeatanp [Receiwed, Nowember 11th, 1949.) 


161. The Kinetics of Halogen Substitution. Part VIII. Halogen 
Addition. Part XV. Benzyl and Allyl Chloride, Bromide, and 


(Cyanide. 
By L. D. Swirxpare, B. E. Sweptunp, and P. W. Roperrson. 


The order of reactivity, per molecule, is PhH > Ph°CH,Ci > Ph-CH,Br > Ph-CH,CN 
for chlorine substitution, and 
CH,CH, > CH CH-CH,C! > CHSCH-CH,Br > CH CH-CH,yCN 
for bromine addition. The theories relating to these reactions are discussed 


Tue rates of aromatic substitution, as well as the orientation of the products, are of nnportance 
in elucidating the mechanisms involved in the process. This has been demonstrated by Ingold 
and his co-workers for nitration by the competitive method (/., 1938, 905, 918, 929), and for 
chiorination, in the present senes of investigations, for alkylbenzenes and halogenonaphthalenes 
(J., 1043, 279; 1048, 100). The benzy! halides and in general compounds of the type Ph-CH,X 
may also be investigated by this method. Whilst the present work was in progress there 
appeared a paper by Ingold and Shaw (/., 1049, 575) on the relative rates of nitration of benzyl 
chionde and ethy! phenylacetate 

Our preliminary rate measurements of the chlorination of benzyl! chloride in acetic acid 
solution showed variations greater than might be accounted for by experimental error. It 
was found further that in the presence of mercuric chloride these rates were lowered, whereas 
mercuric chloride accelerated the chlorination of toluene under the same conditions. The 
conclusion was that in the relatively very slow reactiou with benzyl chloride nuclear substitution 
was accompanied by an atom-chain reaction involving side-chain substitution, and that the 
mercuric chloride acted as a chain-breaker. It was also ascertained that in the mixed solvent, 
20% aqueous acetic acid, which would be expected to eliminate the chain-reaction, the ratio 
of the toluene and benzy! chloride rates was the same as in acetic acid containing mercuric 
chioride. The use of such a mixed solvent for the determination of comparative rates involves 
the risk, for benzy! chloride and bromide, of concomitant hydrolysis with the formation of a 
more reactive compound. No autocatalysis, however, could be detected in the chlorination 
of benzy! chloride, and in particular the per cent. absorption-time curves for benzene and 
benzy! chloride remained proportionate throughout the experimental range. Another possible 
disturbance is that in the benzy! bromide reaction there might be simultaneous substitution of 
bromine by chlorine. Such a reaction would be expected to proceed with acceleration, but 
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here also there was no evidence of autocatalysis. It is known, moreover, that replacements of 
this type tend to take place more especially when there is considerable elec to 
the point of attack, ¢.g., in a compound such as p-Me-C,H,-CH,Br. 

Herewith are the relative initial rates of chlorination, in 20%, water-acetic acid at 25°, of 
benzene and the compounds, Ph-CH,X. 

PhH Pb-CH,Cl Pec PCH, CN 
ore" oat ot 

Accurate percentages of o-, p-, and m-substitution products are known for nitration, but 
not for chlorination of some of the compounds examined. The values for m-nitration are for 
Ph-CH,C] (15%), Ph°CH,Br (7%), and Ph-CHyCN (14%), and it is not to be expected that 
there should be a large difference for chlorination. At all events the reactions are 
chiefly to give ~,o-chloro-compounds, and the relative rates in the foregoing table are sub- 
stantially those for substitution in these positions. The relative rate of nitration of benzene 
to that of benzyl chloride, molecule per molecule, found by Ingold and Shaw (loc. est.) was 
| : 0-302, indicating that benzyl chloride is more deactivated on nitration than on chlorination. 
In nitration the reagent is the ion NO,*, and in chlorination the chlorine molecule, and benzyl 
chloride with its permanent dipole is likely to hinder the approach of the positive ion more 
than the neutral molecule. A similar difference in reactivities was found between nitration 
and halogenation for aromatic compounds containing halogen in the nucleus (/., 1948, 104). 

Attention is now turned to the relative rates of chlorination of the three compounds 
Ph-CH,X. Chlorine has a greater inductive effect than bromine, but the difference between 
the dipole moments of Ph-CH,C! (1°85 p.) and Ph-CH,Br (1°86 b.) is inconsiderable. In benzyl 
chloride the carbon atoms in the ring should be somewhat more deactivated than in benzyl 
bromide, and the superior reactivity of the chloride is consequently caused by the greater 
hyperconjugation of the hydrogen atoms in the chloromethy! group. Benzyl cyanide, on 
the other hand, has a greater dipole moment (3°52 p.), so that in this compound the deactivation 
must be more considerable than in the benzy! halides. The rate of chlorination, however, is 
not greatly inferior, so the hyperconjugation effect here must be large. This involves the 
weakening of the C-H bond by the CN group, and in this connection it is known that benzy! 
cyanide forms a sodium salt, PheCHNa’CN. 

If groups such as chloromethy! act in aromatic substitution by a hyperconjugation effect 
reduced by an opposing inductive effect, they may be expected to act in a similar manner in 
causing halogen addition to ethylene compounds. The previously measured rates of bromine 
addition to the ally! halides in acetic acid solution are now compared with that of ally! cyanide 
the velocities being calculated as second order coefficients at 25° for reactants at m/80 (1 = 10°, 
absorption) 





CH SCH-CH,Cl CHyCHCH, Be CHSCH-CH CN 
I, = 16 ; i 


et on 


In our earlier communication (J., 1945, 131) the rate order, allyl chloride > ally! bromide, 
was considered to be anomalous, and it was suggested that it might have been caused by 
intervention of solvent molecules in the reaction; but the same rate ratio is found, not only in 
acetic acid and aqueous acetic acid solutions, but also for the reactions in the polar aprotic 
solvent chlorobenzene. In the non-polar carbon tetrachloride these rates appear to be reversed 
(Juvala, Ber., 1930, 68, 1998), but we find it difficult to obtain reproducible results for these 
compounds in this solvent, even in an atmosphere of dry nitrogen. 

The ally! cyanide reaction in acetic acid solution is autocatalytic like those of the bromide 
and chloride owing to the formation of hydrogen bromide caused by the participation of solvent 
molecules. The following third order coefficients for bromine addition to ally! cyanide, 
reactants m /80, in acetic acid at 25°, show this effect. 


*, % . ty 20 »” “ 7) oo 
ie os si psi. ae 23 28 33 wo 53 
Correspondingly, the reaction is largely catalysed by the lithium halides, as is seen from the 
initial rates, now calculated as second order coefficients : 
me geaye. ox - vo LiBr, a. 
Ayls = 10) 24 J 
Thus for allyl cyanide, like other compounds of the type CHR“CH,, where R’ is a group 
with +T7,—J characteristics, LiCl is superior to LiBr as a catalyst, and as the —/ effect 
(measured by the dipole moment) is large, the catalysis is considerable (cf. /., 1949, 204). 
30 
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The rate of bromine addition to ethylene has now been determined by a revised technique, 
specially applicable to volatile reactants, and this will be described in a later communication. 
These measurements have, for reasons of solubility, been made in a mixed solvent composed of 
chloroform and carbon tetrachloride, and the rate of bromine addition to allyl bromide was 
measured in the same solvent. On combining these results with those shown above for the 
reactions in acetic acid, the following relative rates are obtained - 

CHYCH, CH CHCHLO CH CH-CH,Br CH CH-CHYCN 
i ool8 0-013 0-0027 

A comparison of this series with the one obtained for the chlorination of the benzyl 
compounds reveals that the order of reactivity is the same, but with a different deactivation 
effect in the two series. These results are consistent with the operation of a mechanism with 
similar electron requirements in the two reactions; but the deactivation by the CH,X group 
is more considerable in the allyl compounds, where the dipole is nearer to the point of attack. 
The same efiect has been observed for the compounds PhBr and CH,CHBr, since the bromine 
atom has the same + 7,—/ characteristics as the CH,X groups at present being investigated. 

Just as in the compounds Ph-CH,X, there is the possibility of either o-, p-, or m-substitution, 
80 also in the ally! compounds two modes of reaction, (I) and (11), are possible. According to 


<< Cc ry io" 
(1) CH =cH—CH,-c (i) CHy=CH—cH—C 


(1), hyperconjagation operates, whilst in (II) the mechanism is dependent on the inductive 
effect of the CH,C! group, reinforced by halogen-hyperconjugation. Certainly, Kharasch has 
shown that hydrogen iodide and normal hydrogea bromide addition to the ally! bromide takes 
place entirely by method (I); but other reagents that add to the double link may behave 
differently. In the case of bromine addition an approximate estimate may be made of the 
relative contributions of the two reactions. From a consideration of the velocities of halogen 
addition to CHPh:CH-CO,H and CH,-CH-CO,H, the same ratio of velocities being assumed for 


CHPh—CH-CH,CI and allyl chloride reacting as cH =CH-CH,A, bromine addition proceeding 
by method (II) would represent 12% of the total reaction. Although, therefore, bromine 
addition to the compounds CH,CH-CH,X is directed chiefly by mechanism (I), just as in the 
compounds Ph-CH,X halogen substitution is chiefly in the p,o-positions, there may also be an 
appreciable contribution from reaction by method (II). 


EXPERIMENTAL. 


The following compounds were used in the investigations: benzyl chloride, b. P. 178— 
17% 6°/768 mm.; benzyl bromide, b. p. 195—-197°/749 mm.; benzyl cyanide, b. p. 233—234°/760 mm. ; 
benzene, m. p. 5°; ally! cyanide, b. p. 116—117°/753 mm 

The technique for the experiments was as previously described. Herewith is a typical bromine 
addition reaction 

u/80-Ally! cyanide + m/80-Tir, in acetic acid at 25°; reaction mixture 10 ml.; I-ml. samples 
titrated with KI and » /80-Na,S,0, 


Time (mina.) 0 314 120 183 330 
1 


Titre (mi) 1-99 1.86 39 : 1-67 1-16 0-79 
From combined graph, * 10%, 


Other measurements in acetic acid at 25° are: m/S0-allyl cyanide + m/80-Br,; (i) + m/20-LiCl, 
om 10, tm B74, (tt) + M/20-LiBr, f= 72. In 10%, aqueous acetic acid at 0°, /80-allyl 
chiortide + w/80-Br, a ~ 3, t= 54; w/S0-allyl bromide + w/80-Br, + = 3), tf = 84. In chioro- 
benzene at 26°, w/40-allyl chloride + /40-Bir,, # = 20,¢ = 76; m/40-allyl bromide + m/40-Br,, x = 20, 
tm ite 

Herewith is a typical chlorine-substitution reaction : mM /2-Benzyl bromide + m/20-Cl, in 20% aqueous 


acetic ackd at 26°; reaction mixture 10 ml., 2-ml. samples titrated with KI + n/10-Na,S,0, 


Time (mins) i wo 451 0 


Titre (mi.) : i 1-66 1s” 1-97 
Biank (mi) 1-89 1-83 1-98 


From combined graph, s = 10%, ¢ « 25-7 mins. 
Other results (expressed in minutes) im 20°, aqueous acetic acid at 25°: m/2-Benzene + u/20- 
s~ 10,¢ «= 165, m)2-benzy!l chloride, + m/20-Cl,, « = 10, ¢ = 20-4; m/2-benzyl cyanide + m/: 
eo 1, tw O21 


Vicronia Universtry Cottece, Wettincton, New Zeatanp, |Receswed, December 6th, 1949.) 
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162. Aryl-2-halogenocalkylamines. Part VI. Reactions with Certain 
Organic Sulphur Compounds. 
By W. C. J. Ross. 
sucous albu solutions of dierent pH bas been studied. Thnotbers react with ay thalagene 


alkylamines to give — SS. 4-Aryl-substituted thiazans are conveniently 
prepared by the reaction of ary!-di-2-halogenoal and sodium sulphide in aqueous 
acetone 





Tue reactivity of the carcinogenic and tumour-growth inhibitory arylhalogenoalkylamines 
towards various anions and amines was discussed in Parts III and [V (/., 1949, 2680, 2824) of 
this series. In the present communciation some reactions of the halogenoalkylamines with 
certain organic sulphur compounds are described. 

It has already been established in Part III that the carbonium ion derived from an 
* aromatic nitrogen mustard "’ could not react with an undissociated carboxy! group and it was 
thought that reaction with an undissociated thiol group was also improbable, To test this point 
it was necessary to allow the arylhalogenoalkylamines to react in solutions of different pH 
containing thiols of known dissociation constants. Since it had been found previously that 
aqueous acetone solutions could not be used for the quantitative study because of mercaptal 
formation it was necessary to determine the pK of typical thiols in aqueous alcoholic solution. 
Thiopheno! and 2-mercaptoethanol were chosen as representative of aromatic and aliphatic 
thiols and found to have pA, 805 and 10°8, respectively, in 50% alcohol. 

Table I shows the results obtained when NN-di-2-chloroethyl-p-anisidine reacted with 
these thiols in solutions of varying pH. Under the experimental conditions all the halide will 
react and there is 100%, excess over the amount required to react with the added thiol. 


Tasie lI 


Reaction of NN-di-2-chloroethy|-p-amisidine in 50%, ethanol with thiophenol and 2-mercaptoethanol. 
Concn. of amine 001m. Conen. of thiol OOlm. Temp. 85°. Time 30 mins. 


H during PhSH, “Saae -OH, 
Added salts a % reacted > 5 
nil 


Nil .... inbcthadaas heed , 40—23 

0-01n-HOAc + 0-0lm-NaOAc 63-60 -- 10 
O-OGm-NaOAc ...... occ cceccscceeees s6 66 we 33 
0-20mM-Na, HPO, innea 96-88 75 
0-05m-Na,CO, . 110-108 97 on 


It is not easy to make experiments of this type very precise because in order to control the 
pH of the solution during the reaction various salts have to be added and the anions derived 
from each type will have characteristic competition factors towards the carbonium ions. The pH 
values, measured with a glass electrode, are only apparent values but as the pX's of the thiols 
were measured under identical conditions an estimate of the amount of thiol in the dissociated 
form can be made. Notwithstanding the imperfections of the method it is clear that the 
reaction with thiols is dependent on pH. In acid solutions where dissociation is suppressed 
there is no reaction but as the pH rises more thiol will ionise and as was expected more reaction 
occurs. 

The results also indicate that a negatively charged sulphur atom is a powerful nucleophilic 
centre having a great affinity for the carbonium ion, since Table I shows considerable reaction 
with mercaptoethanol! under conditions where only a small proportion of the thiol group will be 
dissociated. If this small fraction reacts rapidly with the halide then more will dissociate and 
eventually appreciable reaction will occur. A number of compounds which have high 
competition factors for carbonium ions, for example, dithiophosphates, mono- and di-thio- 
phosphonates, thiosulphate, and dithiocarbamate (Ogston, Trans. Faraday Soc., 1948, 44, 45), 
are highly dissociated in solution giving ions containing, in effect, negatively charged sulphur 
atoms. 

If only the dissociated form of a thiol can react then the competition factor for any thiol 
at a given pH should be f x F,-, where / is the fraction of the thiol in the ionic form-——an 
coefiicient—and F,- is the competition factor of the ion. Some idea of the order of the 
competition factor of a negatively charged sulphur atom can be obtained from Ogston’s figures 
for mustard gas. The competition factor of cysteine at pH 7 is given as 1°2 x 10 and since 
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cysteine has pK, « 10°5 the value of f will be about 10°* at pH 70. The value of the 
competition factor F,- of the ionised sulph-hydry! group will be 1-2 x 10°/10°** or about 
4 x 10. It is interesting to note that the value of the competition factor for dithiophosphate 
at pH 7—when / will be approximately unity-—is of the same order, namely 1°3 x 1. This 
high value may be compared with the values for organic-acid anions which range from 20 to 100. 

Quite generally, the competition factor of a compound at any pH will be given by the 
expression f, x F, where f, is the fraction of the substance in the reactive form at pH = n, 
which can be calculated from the dissociation constant, and F, is the competition factor of the 
reactive form A-—this will be the anion for an acid or a thiol and the free base for an amine. 

In a mixed biological system at physiological pH-—usually about 7°5—the extent to which 
any substance wil! react with 4 carbonium ion derived from an “ aromatic nitrogen mustard ” 
will be proportional to f,, » « ¢ where ¢ is the concentration of the substance being 
considered. When an Bi VAL Sad Bement is administered to an animal in the relatively 
low dosage required to inhibit tumour growth or to induce tumour formation, in the affected 
cells a smal! amount of reagent is distributed amongst a large excess of reacting groups. It is 
clear that the various substances present will react in proportion to the value of the expression 
given above. As the mustard-gas type of compound is not an efficient inhibitor of so-called 
*SH enzymes (compare Dixon and Needham, Nature, 1946, 158, 432) despite the high value of 
Fg one must conclude that the value of ¢ for the ‘SH group in the tissues involved is low 
Another factor is that the -“SH groups in proteins are situated on the relatively short cysteine 
side-chains and may not be as accessible for reaction as the more exposed carboxy- and amino- 
groupings. Consideration of the factors mentioned above suggests that the groups most likely 
to react are the acid groups of proteins and the phosphory! and aromatic type amino-groups in 
nucleic acids. 

The isolation of NN-di-2-pheny!thicethyl-p-anisidine from the reaction between NN-di-2- 
chloroethyl-p-anisidine and thiopheno! in alkaline aqueous acetone solution at 66° was described 
in Part IV; the same product is obtained when the reaction is carried out at 37° and the 
4-maphthyl derivative has now been prepared in a similar manner from §-naphthyldi-2-chloro- 
ethylamine. No crystalline product has been isolated from the reaction between NN-di-2- 
chloroethyl-p-anisidine and mercaptoethanol but when sodium picrate is added to the product 

cCH,CH, CH,CH,On Of the reaction between $-naphthyldi-2-chloroethylamine 

s and this thiol a small quantity ef the picrate (I) of a 

CHyCH, CHOON,  thiazan derivative is obtained. In Part IV it was shown 

/ that when the chlorine atom on one side-chain of an ary! 

dihalogenoalkylamine was replaced by ‘NHK the rate of ionisation of the second chlorine atom 

was increased. It was of interest to discover the effect of replacing the first chlorine atom by ‘SR 

Unfortanately it was not possible to ascertain this effect in as direct a way as that used in the 

case of the amines since the reaction has to be carried out in the presence of a buffer salt and the 

total halide reacting cannot be determined directly in the presence of the thiol. Table II 

shows the results obtained when NN -di-2-chloroethyl-p-anisidine reacted under various 

conditions in 50%, acetone. an excess of thiol is present in this experiment so that the smal! 
loss by mercaptal formation is not significant 


Tanie Il, 


Reaction of NN-di-2-chloroethyl-p-anisidine im (a) 50%, acetone, (b) 50%, acetone containing 
sodium acetate (0°20m.); (c) and (d) as (b) but also containing thiophenol (0°04m.). Concn. 
of amine, O'OlM Temp. 66 Time: (a), (b), and (c), 30 mins... (d) 2 hours 


a) db) r d@).* 
HH’, % 3s 65 76 95 
a. Ss 705 . 


* No extra acidity was developed if this solution was heated for a longer period, hence all the halide 
had reacted 


Column (d) indicates that the carbonium ion derived from the arylhalogenoalkylamine 
reacts with the thiol—and possibly to a small extent with water—and the acetate anion in the 
ratio 05:5. If one makes the reasonable assumption that thiol and acetate react in the same 
ratio in (c) then the total extent of carbonium-ion formation can be shown to be 80% in 
30 minutes. It was shown in Part III that the amount of chloride ion produced when a dihalide 
reacted in the presence of 0 2m-sodium acetate closely represented the actual extent of the 
formation of the carbonium ion. Column (6) indicates that under the conditions chosen, 
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78°5*,, of the dihalide ionises; this is practically identical with the extent of ionisation in the 
presence of thiol. It can therefore be concluded that the replacement of the first chlorine atom 
in an aryldi(halogencalkyljamine by “SR does not significantly affect the rate at which the 
second chlorine atom ionises, 

The possible formation of sulphonium compounds by the reaction of halogenoalkylamines 
with thioethers is of interest because of the natural occurrence of such ethers, ¢.g. methionine. 
When NN -di-2-chloroethyl-p-anisidine reacts at 66° in aqueous acetone containing an excess 
of phenyl! methy! sulphide titration of the liberated hydrogen and chloride ions indicates that 
about 9% of the halide has formed a sulphonium salt, the reaction of the halide with the 
thioether giving chloride ion but no hydrogen ion : 


R 
NR CH,CH,Cl —» NR,CH,CH, + R'SRY —> NR,CH,CH, SX 
+ar . 


Approximately the same proportion of §-naphthyldi-2-chlorocthylamine reacts to form 
sulphonium salt at 37°. In the presence of dibutyl sulphide the p-anisidine derivative reacts 
to give 26% of the sulphonium salt. The readier formation of sulphonium halides from 
dialky! sulphides than from ary! alky! sulphides has already been noted (cf. Hickinbottom, 
“ Reaction of Organic Compounds,” London, 1940, p. 114). The formation of the thiagan 
derivative (I) involves internal sulphonium salt formation in the monosubstitution product. 
Good yields of aryl-substituted thiazans are obtained when aryldi-2-halogenoalkylamines 
are heated with aqueous acetone solutions of sodium sulphide. The method appears to be of 
general application and is a very convenient one for the preparation of such thiazans as 
4-phenyl-, 4-m- and 4-p-tolyl-, 4-p-chlorophenyl-, 4-p-methsoyphenyl-, and §-naphthyl-thiazan, 
There is some discrepancy in the literature concerning the properties of 4-phenylthiazan. 
Helfrich and Reid (J. Amer. Chem. Soc., 1920, 42, 1208, quoted in Heilbron and Bunbury’s 
“ Dictionary of Organic Compounds,” London, 1943) obtained a compound, m. p. 108—111°, 
by the action of 2-dichloroethy! sulphide on aniline in the cold whilst Okae (Chem. Listy, 
1934, 28, 227) obtained an ail when the same reactants were heated under reflux with sodium 
acetate and sodium carbonate in ethanol solution. Korshak and Strepikheev (/. Gen. Chem. 
Russia, 1944, 14, 312) prepared the thiazan as a solid, m. p, 32°3-—32°6", by heating NN-di-2- 
chloroethylaniline with sodium sulphide in absolute alcohol and Cerkovnikov and Stern (Archiv 
Kem., 1946, 18, 12) obtained the same product by a similar method using NN -di-2-bromoethyl- 
aniline hydrobromide. The present results are in agreement with the findings of the Russian 
workers. 
EXPERIMENTAL. 


Determination of the pK, of Thiophenol and 2- - Mercaptostheno! = by ee toethanol (780 mg.) or 
thiophenol (1-10 g.) was dissolved in aqueous ethanol (200 ml. ; ume) and titrated with 
potassium hydroxide solution (0-82. in 50% ethanol). The pH of e~ — was measured after 
each addition of alkali b use of a glass-electrode system with a Cambridge portable electrometer valve 
pH meter. The results for 2-mercaptoethanol were 


m!. of KOH. % neutralisation pa, ml. of KOH. % neutralisation pH 
- 53 10-8 

63 114 

74 114 

“4 120 


The average pA, value of 2-mercaptocthanol in 50%, ethanol is 10-8 and the corresponding value for 
thiophenol is 8-05. 
action of NN-Di-2- enn ale anh on ath Mercaptocthanol and Thiophenol in WO% Ethanol — 

NN-Di-2-chloroethy!-p-anisidine ( mg.), contained in a small specimen tube, was added to boiling 

ueous ethanol (200 ml.; equa) volumes) containing either mercaptoethanol (156 mg.) or 
‘ mg.), and the mixture was heated under reflux for 30 minutes. 6 See ae 

liquid registered 85°.) The cooled solution was diluted with an equal volume of wa 

ition of glacial acetic acid (1 mi.), toa concuah ad Gusanatel taba Eeapeah wan acbemmiant 

Snows thepeanecion clad cal The experiment was onditioes The pi ofthe slut 
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cuntehnsd P-naphtiyttt-{ gooey epee benzene-light petroleum (b. p 
86") as prisms, m. p. 113-—114" (Found : C, 74-9, H, i Cea Fog ires C, 752; H, 61%). 


ion an 9S -2-chlorosthylamime uth 2- Mer: thyidi 2-chloroethylamine 
(l4¢@) (3 ml), sediam hydroxide (25 ml; » ), and 50% acetone (600 ml.) were heated 
ender votes for 5 house Removal of the acetone yrelded an ot! which was dissolved in aqueous methanol 
pase i ergy Aye dy en After several da a San _ 
from the solution, it recrystallised from acetone—met' rhombs, m. p. 200° (decomp.) (Fou 
C, 6246: H. 42, N16 8 Callas vires C, 5246, He 44: N, 1b2e 
Reaction of NN-Di-2-chloroethyl ne with Thi mol in cetone Solution at 66° — 


NN.Di-(2-chiorvethy!)-p-antsidine { mg ), dissolved in acetone ( mi) (a) alone, (6) containing 
crystalline sodium acetate (5-44 ¢ }, lh ages ge borg ree (880 mg.) and sodium acetate (5-44 ¢.), 
was heated under reflux for 30 minutes. The cooled mixture was titrated first with 0-ln-sodium 
hydroxide (phenolphthalein indicator) and then, after the addition of glacial! acetic acid (1 ml.), with 
O-ls-icxtine (starch indicator) The difference between these titres represents the amount of acid 
produced by the reaction of the ary! tky! The results are shown in Table Il 

Reaction of NN-Dt-2-chlow: vethyl-p anisidine and B- Naphthylds-2-chloroethyliamine unth [hioethers in 
w deetone Solution at 66° .-N N-Di-2-chioroethyl-p-anisidine (500 mg), dissolved in 50% acetone 
( ml.) comtaimung (@) phenyl ion a sulphide (620 mg.) or (b) dibutyl sulphide (730 mg.), was heated 
at spill for 3) minutes. Titration of the hydrogen ion and chloride ton indicated (e) H, 525: Cl, 
67.5 thus 6/57-5 or 88%, of the halide reacting formed a sulphonium salt, and (6) H, 4340 

0% > t¢ 156/58 of 26%, of the halide yielded a sulphonium compound. 

When 2 naphthyidi-2-chioroethylamine (536 mg.) was dissolved in 50%, acetone (400 ml.) containing 

ew 1 ag sulphide (620 mg ) and the solution vt at 37° for 24 hours titration indicated H, 18-5; 








the amount of halide converted into sulphoniam salt being 2/20-5 or M4 8%. 
eration of 4-Arylthiacan: —NN-Di-2-chioroethy!l-p-anisidine (1 g.. @ s.) and sod 
~ (5 «) dissolved in 50%, acetone (200 m).) were heated under reflux for 2 hours. The solid 


separated from the cooled mixture after removal of the acetone under reduced pressure was 
from light petroleum ib. p. 40-60"), 4 cm we was obtained as ius 

iamatic needles, m. p. 76-77" (Found: C, 631; H, 73. C,,H,,ONS requires C, 63-1; H, 
Mher thiazans were obtained by a similar procedure except that longer times of reaction were equlnd 
for the more slowly reacting arythab 2 (¢.g.. 15 hours were allowed for the reaction with 
cag ae N-di-2-chioroethylaniline). The following have been prepared: 4-Phenylthiazan, m. p. 
1°; picrate, m. p. 141° (Korwhak and Strepikheev, ioc. cit., give m. p. 141—-142"). 4-m-Tolylithiazan, 
- - which gives a picrate (prisms from oa methanol), m. p. 187-188" (Found: C, 48-7; H, 4-4. 
sO,N,5 requires C, 45-4; Ht, one a. Tolyltitazan (prisms from light petroleum (b. p 
anaes! m 85° (Found © C,,H,NS requires C, 68-4; Pa 8%): prerate 
(large plates pate acetone), m p 185 sera sintering at 143° and resolidifying (Found: C, 487; H, 
af oF 4 ‘or ww op prisms from light oT (b. p. 40-60")). m. p. 70--71° (Found : 
soll NC 1S requires C, 562, H, 57 ‘4 Naphthylthtasan (prisms from light 
petroleam (>. p eo 80"), m. p. 82—S83° (Found: C, Ba. , &7. Cy.H,.NS requires C, 73-2; 

, 6%) 
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163. Some 1:7- and 1:2: 7-Derivatives of Naphthalene. 
By Heeeert H. Hopcsow and Raywonp E. Dean. 


7-Bromo-1l- and §bromo-?-naphthylamine, |-bromo-7- and 7-bromo-1-nitronaphthalene, 
1 7-dibromonaphthalene, the 2-halogeno-| : 7-dinitronaphthalenes, and 7-n:tronaphthalene- 
2 | diazo-oxide, and the nitration of 7-nitro-m-nitrobenzenesulphon-2-naphthalide are described 
The nitration of | 7-dinitro-m-nitrobenzenesulphon-2-naphthalide occurs in the naphthalene 
nucleus as shown by hydrolysis of the nitration product to | : 56(?) | 7-trinitro-2-naphthylamuine. 
The last compound does not form a picrate or deaminate readily 


1: 7-DIntrRo-2-NAPHTHYLAMINE is readily diazotised by Hodgson and Walker's method (/., 
1933, 1620), and 2-chloro-, 2-bromo-, and 2-iodo-1: 7-dinitronaphthalene are obtained by 
subsequent Sandmeyer reactions. Special conditions are necessary for the preparation of 
7-nitronaphthalene-2 » l-diazo-oxide 

Nitration of 1: 7-dinitro-m-nitrobenzenesulphon-2-naphthalide occurs in the naphthalene 
nucleus and not in the side chain, as is shown by hydrolysis of the trinitrated product to a 
lL; 7-trinitro-2-naphthylamine, where « has not been determined but on all analogy should 
be the 5-position. 1; 5(?) : 7-Trinitro-2-naphthylamine would not form a picrate, owing either 
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to steric or more probably to the much enfeebled basic character of the 2-amino-group. 
Similarly, 1: 7-dinitro-2-naphthylamine is inert towards m- hany! chloride. 


Attempts to deaminate the trinitro-compound by the cuprous oxide-methanol procedare, 
described for 1 : 7-dinitro-2-naphthylamine, were unsuccessful. 





I the Preparation 
and Ward's method (/.. 1945, 590) 
4 minutes to boiling 
more copper bronze (5 g.) 

Se ae er 


“stro % naphthylamine (2) (Hodgeen and ¥ of, tb Se in ap A solution of 
1-bromo-7-nitro- gone | pov (2-3 g.) ( vara, 1947 ) in sulphuric acid (5 cc. ; 
d@ 1-84) was added to one of oy at c50" wad dtreinn Bec.: d 1-84), the whole was stirred 
fon sdied enahear tn alee <20°, and owe ety ‘90 minutes. bette yah 


it recrystallised from ethanol in orange tes, m. P. 

vires N, 5-5; Br, 31-7%). 1-Bromo-?-nitrona 

ux for 3 hours with a mixture of iron powder 0g), ode ge Fy (0-5 g.), and water 
(30 c.c.); the solid was filtered off, washed with cold water, dried, and extracted with boiling ethasol 
(charcoal), and the filtered extract allowed to — whereupon §-bromo-2-naphth me 
separated and was recrystallised from ethanol; it pale brown rods, m. p. 74° (Found : 
Br, 35-9. C,,H,NBr requires N, 63; Br, 36-0%) 

1 : 7-Dibromona me. A fine suspension ‘of 7-bromo-1- ~naphthylamine h 
Br, 52-6. C,H,NBr, requires Br, 52-86%), obtained as colourless needles when 7 Pe wr yieanine 
(20 g.) was dissolved in hot hydrobromic acid (2-5 c.c.; d@ 1-7) and water (15 c.c.), and the solution 


chilled to 0°) was diazotised at 0" by the addition of sodium nitrite (1 g.) in the mimimum amount of water. 
After 20 minutes, the clear solution was stirred into one of cuprous bromide (4 ) in i acid 
(10 c.c.; d 1-7) at 60° and stirring continued until room temperature was attain the mixture was 
poured on to ice and kept overnight. The latter was then filtered 

sodium carbonate, and finally with water, and extracted with boil 

allowed to crystallise, oe hada ag dete Cage 1-dibromonapht halene 


being obtaimed in colourless needles, m. p. 6 ; on ged he, Br, y 7 te 
7-Bromo-1-nitronaphthalene (5-7 g ) was obtained from 8-nitro-2- = thy ne (8 — 
— as above, and crystallised ethanol in small pale m p 
ilinov, J Gen. Chem. Russia, 1934, 4, 979, give m. p. 110-111 cA eh eT 
crystallisation (Found: N, 56; Br, 31-5. Cale. for CH ,O,N Br : N, 6-6; Br, 31:7%). rit. Abs., 
1935, 204, incorrectly describe this compound as 2-bromo-7- -nitronaphthalene 
7-Bromo-\-naphthylamine. Finely powdered 7-bromo-l-nitronaphthalene (4 g.) was heated under 
reflux for 3 hours with iron powder (pin dust) p ts g.). crystallised ferrous sulphate (2 g.), and water 
(100 ¢.c.), the mixture was filtered cold, and the residue washed with cold water, dried, and extracted 
with boiling ethanol. The extract, after being boiled with animal charcoal, was filtered, and the filtrate 
allowed to evaporate slowly, but crystallisation was unsatisfactory, The solid obtained was dissolved in 
hot 5% hydrochloric acid, and, from the cooling solution, 7-bromo-1- - hydrochloride (3-2 2 a) 
separated in white gleaming plates, m t 250° (Found: HCl, 140 wl, NBr, HCl requires HCI 
141%), which darkened on exposure to light. Basification with cael atforded pure 7-bromo-1- 
naphthylamine (2-8 g.), which crystallised from ethanol in colourless needles, m. p. 52° (Found; Br, 35-8. 
C,,H,NBr requires Br, 26-40%), that became pg oe een in air. 
Preparation of Some 1: 2: 7-Derivati Naphthalene —-The 2-halogeno-\ 7 -dinutronaphthalenes. 
1 : 7-Dinitrotoluene-p-sulphon-2 ‘naphthalide (3 Se: m. p. 171°; cf. Hodgson and Ward, J., 1947, 1060, 
who give m. p. 165—166") was hydrolysed by dissolution in sulphuric acd (8 c.c.; 4 1-84) and heating at 
40° for 5 minutes, a solution of sodium nitrite {1 g.) in sulphuric acid (6 c.c.; d 1-84) was added, and the 
c<.) at <20". ‘After a further 30 minutes’ 
which were dealt with ay as follows : 
.) in hydrochloric acid (2 





(charcoal) ; 

recrystallised aon ethanol. in pale brown needles, m. p. 161° (Found cl, 13-9. om 

cl, 14.0%) (6) was poured into a — of Kamo — (2-5 g) in b 

d@ 1-7), and then dealt with as in (a); (0-6 g) obtained crystal- 
lised from ethanol in yellow al ocies (95 Fm 149° ramed by sublimation to 165-—-166° 
(Found: Br, 2740. C,H,O,N,Br requires “ was stirred inte a solution of 

iodide (5 g.) in an amount of water insufficient for the 

reaction had ceased, then stirred into iced water and ~ t; the red precipitate (0-6 g) 
removed, washed with water (500 c.c.) and aqueous sodium thicsu te (10g of solid in 609 c.c. of water 
and dried at 70°; extraction as for (e) (>) gave 2-todo-1 : Tdinthonepithatens, which 














820 Hodgson and Dean: Some Derivatives of 


from ethanol in reddinn- earn ig 163°, which sublimed to very pale fawn needles, m. p. 166" (Found 
1, ot bc pees *. 
\-diaso-onide, When a solution of 1 : 7-cinitro-2-naphthylamine (0-5 g.) m 
uate eal A ok: "a hee) was treated at <10° with one of sodium nitrite (1 g.) in sulphuric acid 
($cc; 4 1-04) and the mixtare stirred lato s euspension of copper carbonate (3 ¢) fa glacial scetic acid 
(26 ¢ c.) there was an immediate precipitation of are BSG which was 
filtered off, washed three times with water (100 c.c.) o6 Col,G att ceeateen I from ethanol in 
sword-like (Found: N, 1968. a ae paaeh N, 1% bo 3%) which 
at ca. 160°, and cow a “ 
eas et int gc sxe sin <1 a ca the 

we loss cticheeanmaitios b-enctd tion occurred (0-05 g 

7-Nséro-m -mitr ob ar vr — a ) - ad intimately i 
with m-nitrot Iph y! chloride (18 g) and the mixture cae with pyridine (25 c.c 
for 3 hours. The solution was cooled to 0° and then stirred d Maya  pomt coy = ydrochlori« 
acid (200 cc); the precipitate of 7-nitro-m-nitrobenzenesulphon-2-naphthalide (9-1 g.) was filtered off 
washed with water, sucked as dry as possible on the Bachner funnel, and c twice from 70°, 
acetic “_ (charcoal). It was obtained in clesters of golden needles, m. p. 212-213" (Found: N, i. 
S, 85. C,.H,,O.N,5 requires N. 11-2; S, 66% 

The Nitration of 7-Nitro-m- mitrobeusenesul hon-2- -naphthalide.-—(a) With an equimolecular amount of 
witric acid in glectal acetic acid. The naphthalide (2 g.) was boiled with glacial acetic acid (15 c.c.), 
the mixture cooled to 50°, and a crystal of sodium nitrite added, followed by the dropwise addition, with 
stirring, of 2 <.c. of a solution of nitric acid (4-4 ¢.c.; 4 1-5) wot reer te = pene gate By, }. The temper 
ature was then raised and kept at oe Se 3 Hours later, glacial acetic acid (15 ¢« ) was added 
at 15° with stirring, and next morning the was filtered, and the solid 1 : 7-diniiro-m-niiro 
bensenesulphon-2-naphthalide (1-7 g.) washed with glacial acetic acid and ether, and dried. it crystallised 
from glacia! acetic acid (charcoal), in which it is sparingly soluble, in wi micro-needies, m. p. 246--247° 
(decomp.) (Found: N, 13-3. 5,76. Cyl yO,N,S requires N, | 7-7%). 

(b) Wh 5-fold excess of nitric acid in g tai acetic acid. With the a2, procedure as above but with 
10 ¢.c. of nitrating reagent, the yield of | o dinitro-m- -nitrobenzenesulphon-2-naphthalide was practically 
unchanged (1-4 g.; m. p. 246-247"), Hydrolysis occurred when the naphthalide (1 g.) was stirred into 
sulphuric acid (bo c.c., @ 1-84) and slow dissolution com pleted by heat to 70°. The clear solution 
was kept overnight, it was filtered on to ice, and the 1; 7- Painless. a el ee od which precipitated 
was crystallised from glacial acetic acid (charcoal); it formed golden needles, m. p. and mixed 
m. p. with an authentic specimen, 2458-249 

(¢) With nitric acid (d 15). The powdered naphthalide (2-8 g.) was added portionwise duri 
minutes to nitric acid (15¢.c., d 1-5), initially below 5°, and the temperature not allowed to exceed 2 
it was raised to 35° when complete dissolution had occurred. After 3 hours the solution was cooled to 
0°, glacial acetic acid (15 c.c.) was added, and overnight 1 : 5(?) : 7-trinitro-m-nitrobensenesulphon-2 

Eiskde separated in yellow micro-needies, m. p. 248" (decomp.) ; it recrystallised from glacial acetx 
acid in © yellow, matted, silk 4 needles, m. p. 262° (decomp.) (Found: N, 14-9; S, 7-27 

C,.H,O,N,S requires } N, 15-1, 8, 69% When this was bydrolysed, as described above for the dinitro 
compound, "1: 60?) : T-trimstro-2 naphihylamine was obtained, which crystallised from glacial acetic acid 
(charcoal) in golden yellow needles, m. p. 201-202" (Found: N, 199. C,,H,O,N, requires N, 20-1%) 
which would not form a picrate. Attempts to deaminate this compound were unsuccessful 
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164. Some Derivatives of 5-Nitro-2-naphthylamine with a Note 
on its Preparation. 
By Herseat H. Hopcsos and Raymonp E. Dean. 
From a review of existing methods, it would ws that the most serviceable method for the 


mere of 5-nitro-2-naphthylamine is the reduction of | : 6-dinitronaphthalene by alkaline 
rosulphide &-Nitro-m-nitrobenzenesulphon-2-naphthalide is nitrated further only by excess 


nitric acid (d 1-5) to give | 5-dinitro-m-nitrobenzenesulphon-2 ~naphthalide, ace which 
monobrominates, probably to 3-bromo-1- 5-dinitro-m-nitrobenzenesulphon-2- ‘eaphthalide.” The 
2-bromo-5-nitronaphthalene now described completes the set of bromonitronaphthalenes. 


Or the methods extant for the preparation of 5-nitro-2-naphthylamine, several involve the 
simultaneous production of the isomeric 8-nitro-2-naphthylamine. For example, the procedures 
described by Friedlander and Szymanski (Ber., 1892, 25, 2076), Morgan and Chazan (J. Sox 
Chem. Ind., 1922, 41, 11, 61), and Morgan and Jones (idid., 1923, 42, 3411) are based on the 
addition of §-naphthylamine nitrate to concentrated sulphuric acid at < —5", with the 
subsequent tedious separation of the two bases by fractional crystallisation of their hydro- 
chlorides, sulphates, or oxalates. The solubilities, however, of the free bases or their salts in 
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various solvents are so similar, that separation is difficult. The proportions in which the 
isomerides occur are difficult to determine, since the diagram of the mixed m. p.s is indefinite 
over a wide range, but from the experimental fact that 5-nitro-2-naphthylamine is relatively 
much easier to obtain in greater yield and higher purity than the §-nitro-isomeride, it would 
appear to preponderate in the mixture. 

Hodgson and Crook's method (/., 1936, 1844), which depends on the nitration of phthalo-8- 
naphthylimide, is superior from the manipulative point of view, since the higher temperature 
employed enables more rapid nitration, and a method of hydrolysis of the mixed phthalo-5- and 
-8-nitronaphthylimides by ethanol-hydrochloric acid (cf. Hey and Lawton, J., 1940, 381) is 
now described, as an alternative to that by aqueous ammonia under pressure. 

It is concluded that the most serviceable method for the preparation of pure 5-nitro-2- 
naphthylamine in good yield involves the deamination of | : 6-dinitro-2-naphthylamine (Hodgson 
and Turner, ]., 1943, 318), and the reduction of 6-nitro-group of the | : 6-nitronaphthalene by 
the aqueous sodium sulphide-sodium hydrogen carbonate-methanol procedure of Hodgson and 
Birtwell (/., 1944, 75) (cf. also, improvements by Hodgson and Ward, /., 1945, 590, 663, 704; 
1948, 242). 

The 2-bromo-5-nitronaphthalene, prepared from the 5-nitro-2-naphthylamine by the 
Sandmeyer reaction, together with the 1-bromo-7-nitronaphthalene (Hodgson and Dean, /., 
1950, 818) complete the set of bromonitronaph . 

The further nitration of 5-nitro-m-nit Iphon-2-naphthalide gives 1 : 5-dinitro-m- 
nitrobenzenesulphon-2-naphthalide, independently of whether the calculated amount or an 
excess of nitric acid (¢ 1°5) is used, whereas (cf. p. 820) the action of excess of nitric acid (d 1°5) 
on 7-nitro-m-nitrob Iphon-2-naphthalide is to give 1: 5(?) : 7-trinitro-m-nitrobenzene- 
sulphon-2-naphthalide. The | : 5-dinitro-compound gives a monobromo-derivative to which 
the structure 3-bromo-1 : 5-dinitro-m-nitrob Iphon-2-naphthalide is assigned by analogy 
with the results of Consden and Kenyon (J., 1935, 1595) 











EXPERIMENTAL. 


Acid Hydrolysis of the Mixture of Phthalo-5- and -8-mitro-2-naphthylimides—The mixture (95 g.) 
was heated under reflux with ethanol (750 c.c.) and hydrochloric acid (225 c.c.; d@ 1-2) for 8 hours, a 
further quantity of 2 pe acid (20 ¢.c,.) being added at hourly intervals. At the end of this period, 
a considerable of an solid was undissolved; it was filtered off and again heated under 
reflux as before for § hours, but even then an appreciable amount still remained undissolved. The two 
filtrates were combined, cooled, and stirred into iced water, and the mixture of bases precipi 
ammonia (32 E. m. p. 70-—80"*) i dried. ea ae 
more rapidly, t side reactions led to a decreased yield 

5- Nitro-m-mstrobensenesulphon-2-naphthaide —5-Nitro-2-naphthylamine (10 g.) and m-nitrobenzene 
sulphony! chloride (15 g.) were my together in a mortar, the mixture heated under reflux 
Ot? ee oe gee Oat ee solution cooled to 0° and stirred into iced 15% hydrochiori: 
acid (200 c.c.). ans a ee ee eee ae 





filtered solution allowed to c 81-6%); 
brown micro-crystals, m. p. 171° (Found : 
_Mononstration of 5-Nitro-m-mitrobenzenesulphon 





@ 1-5) in glacial acetic acid (14-4 ¢.c.); 
5 minutes, and the mixture 


P 
needles, m. p. 216° (Found: N, 13-6 Cort 
afforded the same product. This compound 
15 minutes and gave | : 5-dinitro-2-naphth 
brown needles, m. p. 193° (Bell, 

Walker's method (/., 
(cf. Hodgson and 
from ethylene dichloride | in yellow 





reddish-brown precipita 
with water and dried at 100°; it crystallied from glacial acetic acid in 

234° (Found : N, 11-6; Br, 16-0. H,O,N,BrS requires N, 11-3; Br, 16-18 

2-Bromo-b-witronaphthalene —A “hotles of Sates. -naphthylamine (2 via 

d 1-84) at 10° was stirred with one of sodium nitrite (1 g.) in sulphuric acid (5c.c.; dl " 
when diazotisation was complete, the mixture was stirred into a solution of cuprous bromide (2-5 g.) in 
hydrobromic acid (25 c.c.; d 1-7). After reaction had ceased the mixture was poured into iced water, 
the precipitate of 2-bromo-5-nitronaphthalene filtered off, washed with water, 2% aqueous sodium 
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carbonate, and water, and dried at 40°. It crystallised from ethanol ( eee, bp Regis teoun sete, 
m. p. 06-09" (Pound : N, 56; Br, 31-6. C,.H,ONBr requires N, 5-5; Br, 31-7%). 


The authors thank Imperial Chemical Industries Led. for a y ae wep igh 
Education Authority for the Harlow Fellowship to one of them (R. E. D.), and LC.I. Ltd., Dyestuffs 
Division, for gifts of chemicals 
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165. The Bromination of 6-Nitro-l-naphthylamine. 
By Heasser H. Hopcson and Raymowp E. Dean 


6-Nitro-l-naphthylamine dibrominates in chloroform solution at —5 to give 2. 4-dibromo- 
6-nitro-l-naphthylamine whatever the amount of bromine used. The monobromination 
previously sorted by Hodgson and Turner (/., 1943, 392) using the calculated amount 
of bromine is found to give a mixture of 2) 4-dibromo-6-nitro-l-naphthylamine and unchanged 
6-nitro- 1 -napbthylamine. 


1-Bromo-7-N1TRONAPHTHALEN® has been prepared recently by the deamination of 1-bromo-7- 
nitro-2-naphthylamine (see p. $16), and is not identical with the specimen reported by Hodgson 
and Turner (/., 19463, 302), which was obtained by the deamination of 4-bromo-6-nitro-1- 
naphthylamine, itself prepared by the apparent monobromination of 6-nitro-]-naphthylamine 
in chloroform with the calculated amount of bromine. Since it appeared unlikely that mono- 
bromination of 7-nitro-2-naphthylamine would occur in any than the |-position, and therefore 
that the compound reported by Hodgson and Dean (loc. cit.) was 1-bromo-7-nitronaphthalene, 
the original bromination of 6-nitro-l-naphthylamine has been repeated. Under the conditions 
previously employed by Hodgson and Turner (/oc. cit.), it was found that dibromination always 
occurred with formation of 2: 4-dibromo-6-nitro-l-naphthylamine, even when only sufficient 
bromine was used to effect monobromination. This result is in line with the nitration of 
toluene-p-sulphon-!-naphthalide which always gives the dinitro-compound (Hodgson and 
Walker, /., 1034, 180) 

Repeated fractional crystallisation, with microscopic examination, of Hodgson and Turner's 
original specimen revealed it to be a mixture of unchanged 6-nitro-l-naphthylamine and its 
2: 4-dibromo-derivative, which would account for the analytical data obtained. 


EXPERIMENTAL. 


Preparation of 2. 4- Dibromo-6-nstro- | -naphthylamine —A solution of 6-nitro-l-naphthylamine (2-15 g-. 
ia chierotorm (5 «.c.) was cooled to —5", and bromine (1:3 c.c.) in chloroform (12 cc.) was stirred in 
dropwise during ten minutes. The mixture was kept for 30 minutes at —5° with occasional stirring 
to ensure completion of the reaction, and the cream precipitate of 2. 4-dibromo-6-mitro-1-maphthyiamine 
Aydrobromide (Pound ; Br, 560. C,.H,O,N, Br, requires Br, 562%) filtered off and washed with chloro- 
form and ether, it tended to hydrolyse m the air. The salt was basified with ammonia, the 2: 4-di- 
brome-#-nitro-l-naphthyiamine (2.3 g.) filtered off, washed with water, dried at 100°, and recrystallised 
twice from ethanol, it was obtained in red needles, m. p. 202° (Found: N, 85; Br, 46-0. ‘Cale. for 
C,H,ON, tir, : N. &1;, Br, 462%). In an attempt to obtain a monobromo-derivative, the above 
procedure was repeated with less bromine (0-25 c.c.), whereby a mixture of 2: 4-dibromo-6-nitro-1- 
naphthylamine and 6-aitro-l-naphthylamine was obtained 
. 1: 3- Dedbromo-7-nstronaphthaiene...2 . 4-Dibrome-6-nitro-l-naphthylamine (2.1 g.) was dissolved in 
boiling glacial acetic acted (35 ¢.c.) and the solution rapidly chilled to 15° to obtain a fine suspension of the 
amine, which was then diazotised by addition to a stirred solution of sodium nitrite () g.) in sulphuric 
acid (20 c.c.; d@ 1-84) below 20 After 0 minutes the solution of the diazonium sulphate was stirred 
into a bot sw m of cuprous oxide (4 g.) in methanol (70 ¢.c.), and the mixture was stirred for | hour 
and added to iced water (@ c.c.). Next morning the solid was fitered off, washed in the sequence water 

#*) c.c.), 2% aqueous sodium carbonate (300 c.c.}, and water (300 c.c.), and then extracted with boiling 
ethanol. The extract was filtered, boiled with animal charcoal, and filtered again; the filtrate was 
allowed to evaporate. The | : 3-dibromo-7-nitronaphthalene (0-45 g.) ee from ethanol in pale 
yellow roda, m. p. 106" (Pound: N, 4-59, Br, 480. C.H,O,N Br, requires N, 4:23, Br, 48-3%), which 
were very sparingly soluble in cold and rather more soluble’ in hot ethanol 

1: 2) 4 Tribrome-4- metronaphthalene A solution of the above amine (1-0 g.) in boiling hydrobromic 
acid (1-3¢.c.; € 1-7) and water (7-6 ¢.c.) was chilled to 0° to give a fine suspension of the hydrobromide) 
which was then diazotised at 0° with a solution of sodium nitrite (1 g.) in the minimum amount of water. 
After 30 minutes the filtered solution was stirred into one of cuprous bromide (2-0 g.) in hydrobromic acid 
(5 ¢«.; €2 1-7) at 60°, and, when the reaction had ceased, the mixture was poured into iced water and the 
yellow precipitate filtered off, washed in the sequence water (300 ¢.c.), 2%, aqueous sodium carbonate 
(100 cc), and water (300 c.c.), dried at 70°, and dissolved tm boiling ethanol (charcoal). This solution 
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filtered and allowed “Te Roan ero 3” CHO Nie ro —a clusters of bright 
whey antinbtenae * (Pound; Br, 582. C,,H,O,N Br, requires 10550). 


Sik catiiane Wont Dan ay bee gs Ae for a Research Sc and the Bradford 
Education Ag rch Fellowship to one of them (R. E. D.); they also thank 
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166. The Isomerization of Berberine and Cotarnine Bases in 
Presence of Alkali. 


By Basti SKINNER. 


The action of potassium hydroxide on aqueous and alcoholic solutions of berberine and 
cotarnine hydrochlorides has been further investigated by the methods of absorption spectra 
and electrometric titration. The earlier work of Dobbie, suggesting that quaternary 
eotarnimem hydroxide was converted into the ¢base (cf. Hantzsch) in presence excess of 
alkali hydroxide, is confirmed; the reaction is shown to be fast, and reversible by mineral acid ; 
the concentration of alkali needed to effect the change is lower in alcoholic than in aqueous 
solution. Berberinium hydroxide behaves similarly, but is more stable in both solvents 
Berberine base has been prepared in a strongly basic solid form, stable for some days. The 
various types of system covered by Hantzsch and Kalb's term ¢-base are discussed. 


Ix spite of the classical investigations by Hantzsch and by Dobbie, some uncertainty seems 
to exist about the relation of the ammonium and carbinol forms of berberine and cotarnine 
(cf. Henry, “ Plant Alkaloids,” 4th Edn., 1949, pp. 203, 333). Extending their observations 
with the aid of modern techniques, we have, in the main, confirmed their conclusions, although 
certain modifications have been found necessary. 

The term g-ammoniam base was coined by Hantzsch and Kalb (Ber., 1899, 32, 3109) to 
describe a quaternary base which became transformed, in certain conditions, into a feebly 
basic isomer, the g-base. The alkaloid cotarnine was cited as an example. Some of its 
properties pointed to formula (I), whilst others were best explained on the basis of (IT) [cf., ¢.g., 


MeO CH Me) CHOH 
p HO} N Me OH 
“4 . CH, 
cH, 
I 


Decker, /. pr. Chem., 1893, ii), 47, 222; Day and Kantam, /. Jndian Chem. Soc., 1934, 11, 835). 
Hantzsch and Kalb concluded that these two, and possibly other forms, existed in equilibrium, 
and that the free base isomerised instantly on treatment of the hydrochloride with silver oxide 
iM aqueous suspension, since no drift in conductivity occurred on storage. In fact, however, the 
quaternary base was perfectly stable under these conditions, as is shown below. 

Dobbie, Lauder, and Tinkler (J., 1903, 83, 598) investigated the problem further by means 
of absorption spectra. Cotarnine and its derivatives showed two types of spectrum: the 
first, with two well-marked absorption bands centred on 3278 and 2500 a., was shown by 
cotarnine and its hydrochloride in aqueous or alcoholic solutions. The second, showing less 
general absorption, with an ill-defined peak at 2857 a., was shown by solutions of cotarnine in 
non-hydroxylic solvents, by solutions of ¢-cotarnine cyanide in all solvents, and by aqueous 
solutions of cotarnine hydrochloride in presence of a large excess of 2~-sodium hydroxide; at 
lower concentrations of alkali, spectra intermediate between the two types were obtained. 
These authors associated the first type of spectrum with the ammonium form (1) and the 
second with the carbinol form (I]): cotarnine and its salts formed the quaternary ion in 
hydroxylic solvents, except at high concentrations of alkali which favoured the carbinol form. 
n support of this, Freund, Hantzsch, and Kalb (Ber., 1900, 38, 380, 2201) showed that 
¢-cotarnine cyanide had the structure (11; CN replaces OH). 

As a preliminary step to a more quantitative investigation, we have determined more 
accurate absorption spectra and made further electrochemical measurements. The treatment 
was extended to berberine. 

The absorption of alcoholic solutions of cotarnine hydrochloride is shown in Fig. 1, curve A. 
The positions of the absorption bands correspond fairly well with those of Dobbie ef al. In 
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aqueous solution (Pig. 2, curve D) the result is very similar. In alcoholic solution in presence 
of potassium hydroxide, the absorption is as in Fig. 1, curve B, at all alkali concentrations down 
to about 0'00ln. At lower concentrations curves intermediate between A and B are obtained 

«4. curve C of Fig. | was obtained in presence of 16 x 10n-alkali and approximates to that 
expected from a mixture of 57% of form A and 43% of B. Although strict precautions to 
exclude carbon dioxide were taken up to the moment of filling the spectrophotometer cells, it 























Wave-/engths A 
Absorption spectra of: A, cotarmime hydrochloride sorption spectra of : D, cotarmine hydrochloride 
ethanol, HB. the same + 7-8 & lor*w- KOH, n water, E, the same + 0-25x-NaOH 
the same + © 25n-KOH 


was not possible to exclude it during the measurements, so that the alkali concentrations must 
be regarded as maxima rather than as precise. 

In aqueous solution, the effect of adding alkali is similar (Fig. 2, curve E); but a greater 
proportion of form A exists at equilibrium for a given concentration of alkali than in alcoholic 
solution, for curve E, obtained in presence of 0°25n-sodium hydroxide, appears to be made up 
of 00% of B and 10% of A. The initial concentration of cotarnine hydrochloride in all these 
experiments was (016 g. per |. (5°48 « 10°*w.). The transition from the yellow (A) to the 
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Pitvatvom of (A tarnine hydrochloride and (B) berberine hydrochlondc 


colourless form appeared to be almost instantaneous, and was immediately reversed by the 
addition of a slight excess of dilute hydrochloric acid 

A tew electrometric experiments were carried out. First a 0°0104N-solution of cotarnine 
hydrochloride in water was titrated with 0'106n-sodium hydroxide. The changes in pH 
during titration are shown in Fig. 3: cotarnine behaves as a typical strong base, no buffer- 
ing action being evident 

The specific conductivity of the same cotarnine hydrochloride solution at 25° was 0°00263. 
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On addition of 2-5 c.c. of the sodium hydroxide solution to 25 c.c. of the hydrochloride solution 
© a8 approximately to neutralise the latter, the conductivity rose to 000604, as would be 
expected of a strong base. After four days the conductivity was 000685, indicating the high 
stability of the quaternary base, this was confirmed by half-neutralising the cotarnine hydro- 
chloride solution with sodium hydroxide and measuring the pH value, which was found to be 
11°40; after storage for twelve days in presence of soda-lime, the pH had fallen only to 11°20. 

Attempts to prepare the ammonium form of cotarnine in the solid state were unsuccessful 
owing to decomposition. 

The earlier conclusions of Dobbie, Lauder, and Tinkler are thus well borne out. A solution 
of cotarnine base, in absence of excess of alkali, is stable for days in aqueous solution as the 
quaternary ion (Form A). Addition of alkali causes conversion into the colourless feebly 
basic isomer to which the carbinol structure is usually assigned, the change being reversed on 
the addition of acid. This change is brought about very much more easily in alcoholic than in 
aqueous solution, since the more polar solvent water naturally favours the stability of the 
quaternary ionic form with its high solvation energy. 

The alkaloid berberine present similar difficulties. Gadamer (Arch. Pharm., 10901, 239, 
645) found that addition of aqueous barium hydroxide to berberine sulphate solution and 
filtration gave a reddish-brown, strongly alkaline solution which he supposed to contain the 


CH, CH, 


‘ H, CHV | f De 
ys” -OH ao 
HOW 


iMe U OMe 
tI alam «nN a Me 


quaternary base, berberinium hydroxide (I11). This strongly basic form existed, according to 
Gadamer, only in solution. 

When the solution was treated with an excess of sodium hydroxide, a new ether- 
soluble form was obtained which gave an oxime; Gadamer called it berberinal, and gave it an 
aldehyde formula. Tinkler (J., 1911, 99, 1340) found that the absorption spectrum of berberine 
hydrochloride in alcoholic solution underwent, on addition of a smal! quantity of potassium 
hydroxide, a change similar to that occurring with cotarnine salts. The normal form possessed 
absorption peaks at 2275 and 2875 a., but in presence of alkali there was one broad absorption 
band, centred on 2700. The latter type of absorption resembled that of a-methyldihydro- 
berberine, which according to Freund and Beck (Ber., 1904, 37, 4677) had a carbinol structure. 
linkler attributed the new spectrum to the conversion of the berberinium ion (I) into the 
carbinol (Il) which he called berberinol and which was identical! with the ether-soluble form. 

In the present work the absorption spectrum of alcoholic or aqueous berberine hydrochloride 
(39 « 10%.) was found to be as in Fig. 4, curve A. In aqueous solution, the addition of 
sodium hydroxide to a final concentration of 0°25n. had no effect. Very high concentrations 
of alkali gave a pale pink precipitate, rapidly becoming orange, which may be explained on the 
basis of Gadamer’s observation (loc. cit.) that the ether-soluble form of berberine undergoes 
disproportionation to dihydroberberine and oxyberberine. Slow addition of 2n-sodium 
hydroxide to a 2 x 10%m-solution of the hydrochloride gave a water-soluble yellow precipitate, 
having the same absorption as the hydrochloride and composed mainly of berberine hydro- 
chloride, salted out of solution. 

In alcoholic solution, very low concentrations of alkali change the form of the absorption 
curve B of Fig. 4, being obtzined in all cases when the alkali is 2 x 10*n. or stronger. Curve C 
(7-8 x 10¢y-KOH) corresponds approximately to that of a mixture of 25% of form A and 
75% of B. The change was again instantaneous and reversed by the addition of acid. 

These curves differ considerably from those obtained by Tinkler, who found that alcoholic 
berberinium chloride solutions show continuously increasing absorption from 3400 to 4500 a. 
(contrast curve 4 of Fig. 4) and that, even after the addition of potassium hydroxide, absorption 
was high between 3850 and 45004. Further, the wave-lengths of the maxima recorded by 
Tinkler are not in accord with the present work. More recently determined spectra of berberinium 
iodide (Feist, Awe, and Etzrodt, Arch. Pharm., 1934, 272, $20), and of an aqueous solution of 
berberine base (Chatterjee, ]. Indian Chem. Soc., 1942, 19, 234) resemble Pig. 4, curve A, very 
closely, but no curves intermediate between the two extremes have previously been published. 
If berberine hydrochloride solution is shaken with silver oxide and filtered, the strongly alkaline 
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solution gives the same spectrum as a solution of the hydrochloride (curve A) which must there- 
fore be attributed to the quaternary berberinium ion (in accord with Tinkler’s suggestion). 
Curve B likewise represents the spectrum of berberinol, while curve C is that of a mixture of the 
two substances 

The electrochemical measurements again bear out these conclusions. A 0°004m-solution of 
berberine hydrochloride, titrated against 0 110n~-sodium hydroxide, yielded the curve shown 
in Pig. 3, which is again that of a typical strong base. The specific conductivity of the same 
berberine hydrochloride solution at 25° was GOO11L, rising to 000345 when 25 c.c. of the 
solution were nearly neutralised with 40 c.c. of the sodium hydroxide solution. This value 
was unchanged after four days. When the berberinium chloride solution was approximately 
hal{-neutralised, the pH was 11°70 and after four days (in presence of soda-lime) was still 11-60, 
again demonstrating the stability of the strong base. It was in this case possible to isolate the 
strong base in the solid state by the procedure which failed in the case of cotarnine (cf. p. 827). 

Berberine and cotarnine both show, therefore, the same type of isomerism. They differ 
in the relative stabilities of the ammonium forms to alkali, berberine being more stable in both 
aqueoas and alcoholic solution. It is hoped later to investigate more fully the nature 
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Absorption spectra of : A, berberine hydrochloride in alcohol ; B, the same 4+ 7-8 « 10-*n-KOH; 
C, the same + © 15n-KOH 


of the common forms of solid cotarnine and berberine bases, and to study quantitatively the 
equilibrium 


R« H=N=R’ + OH => RCH(OH)—-N=R’. (A) 


for each alkaloid. From the figures quoted above, approximate values of the equilibrium 
constant of this reaction can be calculated to be: cotarnine (aqueous solution) 36, (alcoholic 
solution) 47 «x 10; and berberine (alcoholic solution) 38 x 1. In view of the possible 
effect of carbon dioxide on the equilibria, and of the tentative nature of the above equation, 
confirmation of these values is necessary, although preliminary experiments indicate that the 
berberine equilibrium in alcoholic solution conforms to the mass law. 

The term ¢-base, as used by Hantzsch and Kalb, covers two apparently different types of 
isomerism : first, where the quaternary base is stable in aqueous solution, but is changed 
rapidly into the feebly basic isomer on addition of alkali, and, secondly, where the quaternary 
base decomposes spontaneously on storage, in absence of excess of alkali. Cotarnine, which 
these authors believed to belong to the second class, is actually an example of the first. The 
difference is probably more apparent than real; for when the equilibrium constant of the 
reaction (4) is large, adding alkali to a solution of the hydrochloride of the base may give a 
hydroxyl-ion concentration sufficiently great to promote the isomerisation before neutralisation 
is complete. If the constant is small, an excess of alkali will be needed to bring about the 
change, so that the free base will be stable indefinitely in aqueous solution. 


EXPERIMENTAL. 


Physical Measurements.--Absorption spectra were measured at intervals of 50 4. by means of the 
Beckman spectrophotometer at room temperature (ca. 15°). The slit width was | mm. for the range 
of wave-lengths over which the hydrogen arc was employed (2200-—3650 4.) and 6-1 mm. for wave- 
lengths above 3650 4. It was sometimes necessary to open the sht beyond | mm. for the shortest wave- 
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lengths (2200-2400 a) in order to obtain a balance with the instrument. The cells were of silica, | cm. 
thick, fitted with loose covers. 


i fan lect, which was cabrated against Potasorm Dvr 


ydroxide.—4)-004u-Berberine hydrochloride (25 cc.) was shaken with moist silver 


in a desiccator containing calcium chloride and 
sodiam hydroxide for 24 days. The dark brown, hyg residue was treated with 25 c.c. of water, 


Ygeroscopic 
in which it readily dissolved, apart from tess than 5% of insoluble matter. The pH of the solution was 
11-20 and, on dilution, the liquid had the typical absorption of berberine salts (Pig. 4, curve 4) 


thus clear that, apart from ema prepertion which yicded the inectuble matter, the berberininns 
hydroxide remained stable in the solid state. 


Attempts to Prepare Cotarninium Hydroxide —-Shaking 0-0104N-cotarnine hydrochloride solution with 
silver oxide and filtration gave a solution (pH 11-50) which decomposed during evaporation on a water- 
bath. The residual solid was only partly soluble in water and had an odour of volatile amines. Addition 
of water to give the original volume yielded a solution of pH only 92. Decomposition, probably 
caused by oxidation, also occurred on evaporation of the solution for 24 days in a desiccator containing 
calcium chloride and sodium hydroxide 


The author thanks Professor R. D. Haworth, P.R.S., and Dr. J. C. Speakman for advice. 
Tas University, SHerriecp, 10. (Received, September 29th, 1949.) 


167. Fucoidin. Part II. The “Hydrolysia of a Methylated Fucoidin 
prepared from Fucus vesiculosus. 
By J. Concnm and E. G. V. Percrvat. 


t-Fucose (ca. | part), 3-methy! L-fucose (ca. 3 parts) and 2 : 3-dimethyl L-fucose (ca. 1 part) 
have been identified in the carbohydrate portion of the hydrolysate of a methylated fucoidin. 
A branched structure in which | id links predominate is suggested for the pol 


Tw fucoidin used in this series of experiments was prepared from dried, ground Fucus vesiculosus 
collected in the summer months of 1945. The product was comparable with the specimens of 
fucoidin described in Part I (/., 1950, 717) but the intensive purification was not applied. It 
had [«)}? — 118°, gave 38% of L-fucose on hydrolysis, and contained Ca 59, Mg 0°2, Na 09, 
K 0 1—0°2, and SO, 32°8%,, the sulphate of the ash accounting for half the total sulphate. 
It required 36 hours at 100° to remove 36% of the total sulphate with n-sodium hydroxide. 

Methylation with sodium hydroxide and methy! sulphate gave a product having [«)}? — 107° 
and containing Ca 5-1, Mg 02, Na 0°8, K 0°05, SO, 25°9, and OMe 15°8%,, in which the sulphate 
in the ash comprised 57%, of the total. Evidently, therefore, as for the carragheen pol 
charides (Buchanan, Percival, and Percival, j/., 1943, 51; Dewar and Percival, j., 1047 
1622) the metals combined with the sulphate group were not displaced by sodium during 
the methylation process. That all the available hydroxyl groups were substituted in the 
above product was shown by the fact that on treatment with acetic anhydride and pyridine 
an insignificant amount of acetylation occurred. The acetyl content of fucoidin acetate was 
found to be 18°0%. If the basic formula is assumed to be (C,H,O,SO,Ca,,), the methylated 
derivative would contain OMe 120%, and the acetate OAc 150%. The slightly higher 
values obtained in practice are attributed to the presence of small amounts of more highly 
substituted “ foreign " polysaccharides rather than to the loss of sulphate groups from the 
substituted fucose units during 

The methylated fucoidin was hydrolysed, and the products were converted into methyl- 
glycosides and separated by solvent extraction (Brown and Jones, J., 1947, 1344) and on an 
alumina column. The only compounds to be isolated in quantity were methy! .-fucosides, and 
the following were found present : methyl-1-fucosides (ca. 20%), 3-methy] L-fucosides (ca, 57%), 
and 2 : 3-dimethy] i-fucosides (ca. 20%). 
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The monomethy! sugar was shown to be a derivative of t-fucose by conversion into 
2: 3: 4trimethy! «-methy!l-t-fucoside. The methy! group was assigned to Cs, for the following 
reasons. Oxidation gave a lactone, m. p. 136°, (a), + 25°-——> + 75° (in water; 62 hours), 
with constants comparable with those of 3-methy! »-fuconslactone (digitalonolactone}, m. p. 
136-140", ~22° ——> —70° (60 hours), a specimen of which was prepared from digitalose 
isolated Ah icoomicymaria. The derived amide gave a positive Weerman test. 

Further support for the view that we were dealing with 3-methy! 1-fucose was derived from 
a direct comparison on the paper chromatogram with 2-methy! L-fucose, synthesised by the 
method of McPhillamy and Elderfield (/. Org. Chem., 1939, 4, 150), and with digitalose (3-methyl 
p-fucose). There was a distinct separation between 2-methy! t-fucose (R, 0°56) (Hirst, Hough, 
and Jones, /.. 1949, 928) and digitalose (R, 045), and the material under test was 
indistinguishable from the latter on the chromatogram. A small quantity of a monomethy! 
a-methy!-t-fucoside, m. p. 130-132", {a}, — 173", which was isolated on one occasion gave on 
hydrolysis a sugar chromatographically identical with digitalose and must therefore be designated 
3-methyl a-methyl-L-fucoside. 

The dimethy! methylglycoside was shown to be a L-fucopyranose derivative by complete 
methylation to give trimethy! a-methyl-.-fucopyranoside. The methyl! groups were assigned 
to C,,, and C,,, for the following reasons. Oxidation of the dimethyl! sugar gave a syrupy lactone, 
a\p + 0° ——» + 47° (22 hours), which was undoubtedly a furanolactone on account of its positive 
rotation [cf. 2:3; 4-trimethyl t-fuconolactone, [a),, — 138° ——> — 36° (James and Smith, /., 
1945, 746)), thus excluding substitution on C,,. Synthetic 3: 4-dimethy! L-fucose (Percival and 
Percival, /., 1950, 690) failed to cause crystallisation on nucleation and 3: 4-dimethy! a-methyl- 
t-fucoside had constants markedly different from the crystalline dimethy! methy!-.-fucoside, 
isolated from the dimethy! fraction in these experiments, which had m. p. 49-—51° and (a), — 190° 
and is designated 2: 3-dimethyl a-methyi-t-fucoside. 

Direct chromatographic comparison with 3: 4-dimethyl L-fucose (Rg 0-67—0°68) showed 
that although the rate of travel of the dimethy! fucose in question was closely similar (R, 0°65), 
by running the paper strips for 48 hours with butanol-ethanol as solvent, the spots developed 
ou spraying with aniline oxalate were distinctly differentiated. Evidence that a methoxyl 
group was present on C,,. was also given by the fact that the crystalline dimethyl fuconamide 
gave a negative Weerman test, and oxidation of the free sugar with periodate, followed by 
bromine water, esterification, and amide formation gave p(—)-dimethoxysuccinamide. This 
product could only arise if methoxy! groups were present on C,,, and C,,.: as in 


i CHYCHO 
Hi 


. HO = CHO 
\V wef . «> 


Mw 
OMe H OMe H OMe H 


It was only the low yield of amide, attributed to the difficulties which occasionally arise on 
the oxidation of certain methylated sugars with periodate, which prevented this experiment 
from being quite conclusive ; if the other evidence outlined above is also considered, there seems 
no reasonable doubt that the dimethy! sugar was, in fact, 2 : 3-dimethy! fucose. 

In connection with the ibove work on partly methylated fucoses, attention should be drawn 
to the virtual failure of the periodate oxidation method as a test for the presence of a free 
hydroxy! group on C,, in partly methylated 6-deoxyhexoses. The method for estimating 
tucose by periodate oxidation and conversion into acetaldehyde (Nicolet and Shinn, /. Amer. 
Chem. Soe., 1941, 68, 1456; Cameron, Ross, and Percival, /. Soc. Chem. Ind., 1948, 67, 161) was 
applied to the monomethy! fucose (3-methy! fucose) and the dimethy! fucose (2 : 3-dimethyl 
fucose). Only one-third of the theoretical yield of acetaldehyde was obtained in each case, 
although this is much greater than the yield (5°) from 2 : 3-dimethyl rhamnose (Percival and 
Percival, loc. cit.) These results recal! similar difficulties with partly methylated hexoses, for 
Jeanloz (Hele. Chim. Acta, 1944, 27, 1509) and Bell, Palmer, and Johns (/., 1948, 992) showed 
that in the oxidation of methylated sugars such as 2: 3: 4-trimethy! glucose, 2 : 4-dimethyl 
galactose, and 3-methy! glucose by periodate in buffered solutions, the yield of formaldehyde 
was much lower than the theoretical. 

Before an attempt is made to draw a preliminary picture of the possible structure of fucoidin, 
one important fact should be noted. Since the sulphate groups are stable to alkali (apart 
from the fairly rapid initial removal of ca, 10% of the total sulphate which will require further 
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study), it 1s clear that the main linkage of L-fucopyranose units cannot be through the hydroxy! 
group on C,, as the bydroxy! groups on C,,, and C,, are trans to one another (1). A sulphate 


4 H 
H a -O. 9... Kr pe is 
bine w mo os 
’ RS H -O,8-0 = ns 
oH H OH Hs 
I (m1) , 


group in either of these positions would be readily eliminated by alkali (Percival, Quart. Rev., 
1949, 3, 369). The isolation of 3-methyl t-fucose leaves only one possible arrangement (11) 
for those residues carrying one free hydroxy! group, namely a |: 2-linkage with the sulphate on 
C.,. Because of the strongly negative rotations of fucoidin and its derivatives, these junctions 
are considered to be predominantly of the a-type. 

There are two possible ways of accounting for the free fucose residues in methylated fucoidin, 
excluding the possibility of incomplete methylation owing to steric effects. First, some fucose 
residues might carry two sulphate groups, a possibility by no means out of the question since the 
proportion of sulphate to fucose in the original fucoidin is somewhat higher than is demanded by 
a 1:1 ratio, although contamination with a galactan sulphate would also explain this. The 
2: 3-dimethy! fucose could be explained by the appearance of occasiona! | : 4-linkages, and these 
residues would require to be unsubstituted by sulphate groups (cf. III). 

If the conclusions as to the main structural feature are correct, the 2: 3-dimethy! fucose 


could not arise as a result of the loss of sulphate groups during methylation since this would 
produce the 3 : 4-isomer 
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Another possible expianation is that the free fucose originates from branching points carrying 
termina! groups having free bydroxyls on C,,. and C,.. From the proportions of the various 
sugars isolated there would be an average of one such branch in every five fucose units (cf. 1V). 

For either of the two possibilities it will be observed that one equivalent of periodate would 
be consumed for each unit of five fucose residues. Because of the presence of impurities, this 
figure cannot be determined with any accuracy at present, but, if the galactose, xylose, and 
uronic acid known to be present are assumed to be linked by |: 4-linkages and a correction is 
made for the consumption of periodate by these materials, fucoidin reacts with m/10-sodium 
periodate in 24 hours so that one equivalent of periodate is accounted for by 880 g. of the “ ideal ” 
polysaccharide, which corresponds to between three and four monosaccharide units. 

Before anything approaching the last word on the constitution of fucoidin can be written, it 
will be necessary to study more highly purified specimens, and preparations from different 
algae. Progress will undoubtedly be slow for technica! reasons, but this preliminary study may 
stimulate other workers to attack this problem, which has added interest owing to the discovery 
by Vasseur (Acta Chim. Scand., 1948, 2, 900) of fucosan sulphates in the jelly coat of sea-urchin 
egys of the species Strongylocentrus droebachiensis, Echimocardium cordatum, and Paracentrotus 
liwedus 

EXPERIMENTAL, 


Preparation of the Polysaccharide —The polysaccharwie was extracted as described in Part I (Joe cit). 
For this investigation specimens of Fucus vesteulosus (May June, July, 1945 samples) kindly supplied by 
The Scottish Seaweed Kesearch Association, Musselburgh, were used Purification was effected by 
allowing a solution of the polysaccharide in water to stand over “ Filter-Cel " for several days, followed 
by filtration, concentration, and pouring into alcohol The process was repeated till a constant fucose 
content was obtarmed The resulting white fibrous product had [e iY iis For all quantitative work 
the polysaccharide was dried over phosphoric oxide at 50°/15 mm. to constant weight [Found : ash 
(as sulphate), 241. Ca. 60, Na @® Mg @2, K,@1 2, SO, (total), 32-86%: SO, (im ash), 17-6%,). 
Estimation of facose by pericciic acid oxidation (Nicolet and Shinn, / Amer. Chem. Soc, 1941, 63, 1456; 
Cameron, Ross, and Percival, /. Soe Chem Imd., 1948, 67, 161) gave 37-58% of fucose 

Hydrolyess of Fuccadie etth s-Sodium Hydrormde at 10) The polysaccharide (1-1082 ¢.) was heated 
with ~-sodium bydroaide (200 ¢ c) at 100° in the presence of barium chloride (1-283 ¢.) At definite 
intervals, samples (15 ¢¢ ) were withdrawn, water (15 ¢ ¢) and dilute acetic acid (5 ¢.c.) were added and 
the solution was centrifuged The residual comtuned sulphate in 5) cc. of the solution was then 
determined by bydrolysis with hydrochiorn acid and weighing of the barium sulphate produced 


Time (hra} 0 ‘ 1 4 10 20 oo 3 48 6 
Residual sulphate (HaSO, me) 485 456 430 41:2 389 32 320 309 251 21 
Hydrotyes % “ 60 lia 160 19-8 26.1 i 6984 482 wD 


Acetylation of Pucotdin The polysaccharide (2? ¢.) was dissolved in distilled water (30 cc ), pyridine 
(120 «.¢.) was addled, and the pyruime- water azeotrope distilled off at 50°/15 mm (Pacsu and Mullen, / 
Amer Chem. Soe, 1041. @, 1487 The distiliateom was continued till the volume of residua! solution 
wes ca DW cx a brown gelatinous mass being obtamed Pyridine was added to bring the volume to 
Mc c.. followed by aceth anhydride (245 ¢ ) added slowly with shaking and cooling After being left in 
the dark (2? days) the acetate was separated at the centrifuge, washed with pyridine, alcohol, and ether, 
and dried, to give a white powder (2 g.) (Found: CHyCO, 180. Cale. for C,H,O,(CO-CH,)SCa,, 
CH,CO, 150% 

Tyewal Methylation Deacetylation and methvlation proving no more satisfactory than direct 
methylation. the direct methad was eased throughout the mvestigation 

The polysaccharide Ww ¢ dissolved in the minimum of water, was treated with methy! sulphate 
(240 cx and extium twdronnle (672 «x« 3%) im one-emhth portions every 2 minutes, followed by 
methy! sulphate (120 ¢.¢ ) and exbum hydroxide (208 « }*,) in one-eighth portions every 10 minutes, 
the etution being stirred and the temperature kept at 4) during the methylation The solution was then 
heated to BS” for 30 minutes, cooled. newtralised with glactal acetic ace, and dialysed againat running 
water till sulphate free (10 days) On evaporation at 45°/145 mm a brown glass was obtained (Found 
OMe, 72% This glass was taken up in water and the methylation procedure repeated 3 times, after 
which the methoxy! content remained unchanged on further methylation (Found OMe, 15-58%); 
yield, 68 ¢ 

To ascertain whether of not the polysaccharide was fully methylated. it was acetylated as described 
above Examination of the product obtained (Found CH,CO 1%) appeared to indicate, within 
experimental error, that the polysaccharide was fully methylated The product, after drying over 
shoaphoric oxide at 47°/15 mm, had (a |? — 107° (c, 1-0 in water) Found: ash (as sulphate) 21-2; Ca, 
S51; Na. @8, Mg, 02; K, 006, SO, (total), 250, SO, (in ash), 14-98% 

Hydrolysss of the Methylated Polysaccharide The above product (5-01 @¢) was hydrolysed at 100° 
with oxalic acid (200 ¢ « 3%.) to constant rotation The solution was neutralised with barium carbonate 
apd worked up im the usual way to give a yellow syrup (3.2 ¢ all —540° (c 1 in water) (Pound 
OMe, 20-4%). Estimation of fucose by periodic acid oxidation (Cameron, Ross, and Percival, loc. cit.) 
gave 30-4%, as the apparent fucose content or 33-41%, calculated as monomethy! fucose 

Glycopvrancude Formation The hydrolysed methylated polysaccharide (8-9 g) was boiled with 


methanolic hydrogen chiorule (400 cc 2%) until non-reducing (5 hours), neutralised with silver 
carbonate, evaporated, and extracted with alcohol, to give on evaporation a yellow syrup (5-8 g.). 
Fractionation by distillation in a high vacuum was unsuccessful, but one fraction (b. p. 125—150°/0-1 
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mm. } 147 OMe, 29-89%) on bydrolysis and osazone formation, a smal! yield of an osazone, 
m.p yy ae (aecemnp.) (Foens : C OMe, 92. Cale. for teOyN, OMe, $ 7%), which was 
to be 3-metby! phenylfucosazone. 

Fractionahon by Chromatographic Adsor on Alumina.—The glycosides were dissolved in 
chlorotorm-light petroleum (1:1) and in uced into a columa (30 x 2 cm.) of activeted alumina 
(Spence and Sons: Grade H) suspended in the same solvent. The column was developed first with the 
same mixture, then with increasing tons of chloroform, mo pares ee pet 
methanol, and finally pure methanol fractions were obtained — (1 .. wp 14500, (2) O-124 
(partly crystalline), =}f 1-4680, (3) 1-680 g. (partly crystalline), aff 1-4670, nee g. aff 1.4688, (5) 
0-878 ¢.. and (6) @-182 g. Recovery was 85 

Examination of fraction (1). This traction (0-97 g.) on distillation gave fractions (la) 0-478 g., b 
75-—s80° 0-03 mm., wif 14549 (Found ; OMe, 466%), and (1d) 0-385 g.. b. p. 00-—110°/0-03 mm. ; At 
1-4601 (Found; OMe, 47-7. Cale. for C,H,O (OCH, : OMe, 45-14%). Later experiments using the 
paper chromatogram showed the two fractions to be identical 

Formation of 2 3 4-trimethyl a-methyl-.-fuconde — ir 
treatments with Purdie's reagents, gave white vs 
{a)ff — 192° (c, 1-08) [Found ; OMe, 56-1. Cale. for C,, 
ation with authentic 2: 3: 4-trimethy! a-methyt-t- ‘tetoatle showed 

Pervodse acid oxidation of fraction 1b. I sclation of v( = )-domethonyoussinemssde The syrup (0- uty 
was hydrolysed with sulphuric acid (#0) c.c.; @1n.) for 8 hours at 100° (jaly —61" ——> — 1") 
solution worked up in the usual manner. To the syrup so obtained was added aastedlia acid (20 cx 
0-5), and the solution was set aside for 20 hours at room temperature. After thorough aeration to 
remove the acetaldehyde, barium chloride (1-22 g.) was added to the solution, followed by barium 
carbonate in excess. The residue, after filtration, was extracted with a small quantity of water, and the 
extract added to the filtrate. Oxidation with bromine (3 c.c.) gave a small quantity of syrup which was 
boiled with methanolic hydrogen chloride (#0 c.c.; 26%) for 5 hours and worked u oP in the usual way. 
Treatment of the resulting syrup with methanolic ammonia (2 c.c.) for 3 days at 0” gave a crystalline 
solid mixed with syrup. The long needie-shaped crystals (12 mg.) were washed with alcohol and dried, 
and then had m. p. 262-263" and (aj? —92° (c¢, 203 in water) (Pound: OMe, uA OC 
C,H yO WN,: OMe, 35-3%). A mixed m. p. determination with authentic p(—)-d 
m. p. 2 268", (alp —#4", showed no depression, but one with (4 vA np 
large depression 

Examination of crystalline portion of fraction 2. 2: 3-Dimethyl a-methyl---fucoside. After fraction 2 
had been dried on a tile and recrystallised from iM t ype (b. p ") a small eye d of crystals 
(12 mg.) was obtained, having m. p. 49-61", [a j? — 190° (¢, 1-4 in water) (Found: C, 52-3 86; OMe, 
44-3. C,H,,O, requires C, 52-4; H, &7; OMe, 45-1%). 

Examination of fraction 3 Isolation of 3-methyl a-methyl-t-fuceside. This fraction was partly 
crystalline, and an attempt was made to obtain a greater yield of crystals by fractionation using a columa 
of alumina and developing with chloroform-—methanol (3:1). The crystalline fraction so obtained was 
dried on a porous tile and recrystallised from ethyl = and then had m. p. 130-132", {a)ff ~173° 
(c, 0-4 tm water) (Found . C, 50-3; H, 84; OMe, 32-1. C,H,.O, requires C, 0-0; H, 83; OMe, 52.8%). 

Hydrotysis with sulphuric acid (0-I~.) for 8 hours gave the free sugar as a syrup, [« " 04" (c, O51) 
Found OMe, 17-8. C,H,,O, requires OMe, 174%). This sugar was com on the same paper) 
chromatogram with synthetic 2-methy! t-fucose (Ng 0-56) and digitalose (3-methyl p-fucose) (Ng 0-45), 
obtained from isvemicymarin (see below). The Rg value (0-45) obtained for the sugar was identical 
with that of digttalose 

Examination of fractions 4,5, and 6. Fraction 4, when examined by paper chromatography, proved 
to be a mixture of di- and mono-methy! methylfucosides with a little free methylfucoside. An attempted 
separation by means of cold extraction with chloroform did not give very satisfactory results, though 
from one monomethy! fraction an osazone, m. p. 172-176" (decomp.), which contained a methox 
group. was obtaimed, indicating the presence of a free hydroxy! group on C,, 

Fractions 5 and 6 gave, on storage, a quantity of crystals of e-methyl- -tucaside which were separated, 
drained on a tile, and recrystallised trom ethyl acetate, to give m. 154-156", (a)? —197° (6, bl im 
water) (Found: OMe, 17:2. Cale, for Col ,Dy : OMe, 17-4%) remaining syrup was found, on 
bydrolysis with sulphuric acid (0-In.) and examination by paper chroma’ aphy, to contain 3-methyl 
fucose, fucose, and a trace of hexose. Fucose estimations on these byd: syrups gave: fraction 
(5) 93-19%. fraction (6) 87-5% calculated as facose. 

Fractionation by Solvent L«atrachon.—Methylated from Se methylated polysaccharide 
(6 ¢.) were dissolved in water (25 ¢.c.) and extracted for 15-5 hours with 

ive fraction A (0-38 g.), nif 14499. This traction was distilled in a hiyn coe 

fo 28 g.), b. p. 83-—87° 0-04 mm., “v 1-4442 (Found : OMe, 49-86%). 
4) hours gave fraction B (1 ‘0 5). ai nlf 1-4610 (Found: OMe, 40-0%) 

1662), 1 4738 (Found : «286%, and () 4 hours gave traction y §. party cryataline 
(Found OMe, 30-9%). Evaporation of the aqueous solution gave fraction E (0-97 g) (F 


action ta. This fraction (0-2 g.), after two 
8 &. m 54-8, subluming 18 vacuo, 
. Me, 56.3%, A mixed m. p. determin- 








ae Reco was 08%. 
of fo A. Le Poeene haet a tame eth anh perme = | 
cup tound soquuereaeakuaantaen already examined and traces of 2 : 
one or more highly methylated hexoses or pentoses. There was also 8 possible indication 
of a smal! amount of a methylated uronic acid. 
and 


Fract 





passe through 8 slaminn column (20 % 3 cm wing fr for development first 
methanol. Two fractions were otra (a rt percentage of fucom oe It | ada 


mm., «jf 1-4590 (Found: OMe, 46 "apparent percen 
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Praction 21 was hydrotysed with sulphuric acid (0-1s.), giving a syrup, [e)]? +4-6° (c, 3-0 in water) 
(Found : OMe, 32-1%), which did not crystallise even on storage for several months. Nucleation with 
authentic 3° 4-dimethy! t-fucose did not induce crystallation. Comparison of the two sugars by 
paper chromat: phy showed they had very similar Rg values (/.. 1950, 690), but on prolonging the 
experrment 45 hours in butanol-ethanol-water (40: 10: 5))) it was possible to differentiate between 
the spots after spraying with aniline oxalate 

Formation of lactone from hydrolysed fraction Bl. 2: 3- Dimethyl L-fucofuranolactone. The dimethyl 
fecose (0-15 g.) in water (5 ¢.c.) was treated with bromine (1-5 c.c.) at room temperature till non-reducing 
(3) hours). After aeration, neutralisation with silver carbonate, treatment with hydrogen sulphide, etc., 
and lactonisation, a clear syrup (0-1 g.) was obtained, having b. p. 130°/0-04 mm. (Found : OMe, 34-85% ; 
16 mg required 1-67 cc of 0-027n-sodium hydroxide for neutralisation. C,H ,,O, requires OMe, 32-6, ; 
1-70c¢) The lactone showed (af? + 9° (5 minutes), + 10° (30 minutes), Silt {i hour), +23° (3 hours), 

+ 28° (4 hours), +34° (8 hours), +37° (12 hours), + 40° (15 hours), +47° (22 hours, constant) (c, 1-6 in 
water), the positive rotation indicating the presence of a dimethy! y-t-fuconolactone; cf. 2: 3° 4-tri- 
methy! t-fuconolactone |aj, — 138° ——» —36° (James and Smith, loc. cit.) 

2 : 3. Dimethyl t-fuconamidse. The above lactone (40-4 mg.) was treated with methanolic ammonia 
(2 ¢.c.) at 0 for 48 bours. On evaporation of the solvent at 14°/15 mm. the entire solution crystallised, 
giving a white solid which, recrystallised from light roleum (b. p. 60-80"), had m. p. 78—79", [a}}? 

+32" (¢, 0-86 in water) (Found; OMe, WO C,H,,O,N requires OMe, 303%). The amide gave a 
negative Weerman test, indicating that the hydroxy! group on C,,, was substituted by methoxyl. 

3- Methyl .-fucofuranolactone and its amide, The hydrolysed Fraction B2 was oxidised with bromine 
til! non-reducing. After the usual treatment followed by lactonisation, a white crystalline product, m. p. 
132.136", was obtained. This gave [a iy + 25° (10 minutes), + 37° (30 minutes), +46" (1 hour), + 46° 
(2 hours), +47° (3 hours), + 50° (7 hours), +53° (12 hours), +61° (19 hours), +74° (32 hours), +75° 
(48 hours), +75" (62 hours, constant), (¢, 0-95 in water). This indicated a y-lactone, and thus C., was 
occupied by a hydroxyl group in the methylated fucose 

ne lactone gave a syrupy amide, [a)}f +17-2° (c, 0-6 in water) (Found: OMe, 16-7. C,H,,O,N 
requires OMe, 161%). The amide (40 mg.) yielded hydrazodicarbonamide (15 mg.), m. p. 253-255 
unchanged on admixture with an authentic specimen 

Paper chromatography. Examination of hydrolysed fraction B2 and comparison with 2-methyl L-fucose 
and digitalose showed that, as with fraction 3, the Ng value (0-45) was the same as that of digitalose. 

Frachons C and D. Toth fractions were observed, on hydrolysis and examination by paper 
chromatography, to be identical with fraction #2. Periodic acid oxidation of hydrolysed fraction J 
gave acetakiehyde corresponding to 34.5%, of monomethy! fucose 

Derwatives from fraction ( 3- Methyl U-fuconanmide, Oxidation with bromine, followed by the usua! 
treatment, gave the lactone as a syrup, b. p. 180°/0-04 mm., nff 1-4780 (Found : OMe, 18-1%; 14 mg 

2-67 «.. of 0-024~-sedium hydroxide for neutralisation. Calc. for C,H,,O,: OMe, 17-6% 
This lactone in water showed [a)p) 420° (20 minutes), + 20° (30 minutes), + 22° (1 hour 
+ 26° (2 hoars), + 28" (3 hours), + 29° (4 hours), + 34° (6 hours), +45" (12 hours), +5) (15 hours), +52 
(21 hours), + 49° (28 hours), +67° (36 hours), + 74° (42 hours, constant) (c, 0-7 in water), 2 C.c. of the 
above solution required 2-66 ¢.¢. of 0-02505n-sodium hydroxide (Calc. : 2-96 ¢.c.) 

Treatment of the above lactone with methanolic ammonia gave a crystalline amide, mp. 176—180 
[allt +164" (¢, 0-568 in water) (Found: OMe, 164. C,H,,O,N requires OMe, 161%). This amide 
(43 mg.) gave bydrazodicarbonamide (20 mg.), m. p. 256° (decomp.) unchanged on admixture with an 
authentic speciman 

Fraction E Isolation of a-methyl U-fucoside. This fraction partly crystallised, and after drying on 
4 porous tile and recrystalimation from ethy! acetate had m. p. 164—-155° not depressed on admixture 
with authentic a-methyl-t-fucoside, [a)f> — 194° (c, 1-1) (Poand OMe, 17-0. Cale. for C,H,,O,: OMe, 
174%) Examination by paper chromatography after hydrolysis showed the fraction to consist of fucose 
with a trace of a hexose A tucose estimation with periodic acid gave 90-39% fucose 

f atraction of 3-Methyl D-F ucose from tok mucymarin The cardiac glycoside emicymarin is a much 
better source of digitalose (3-methy! p-fucose), but unfortunately no samples of this compound were 
available 

isok micymarin (0-3 g¢.), obtained through the kindness of Dr. S. Smith, Wellcome Chemical Research 
Laboratories, Heckenham, was dissolved in 50% alcohol (150 c.c.) containing 5% of hydrochloric acid 
aad hydrolysed for 4 hours on a boiling water-hath After extraction several times with chloroform, the 
aqueous fraction was neutralised with silver carbonate. Removal of the silver salts and evaporation gave 
@ ema)! yreid of syrup (60 me 

Preparation of 3-Methyl o- F uconolactone.— Part of the syrup (54 mg.) was oxidised with bromine for 
3 days After the usual treatment and lactonisation a small amount of needie-shaped crystals, m. p 
136-140°, was obtained This gave [a)}? 22° (5 minutes), —24° (1 hour), —27° (3 hours), —31° (5 
hours 35° (9 hours), 38° (12 hours ~45" (17 hours), 53° (24 hours), —63° (36 hours), —6s 
(42 hours) 70° (60 hours, constant) (c, 0-9 in water 

Onidation of Pucendin with Sodium Periadate (with A.G. Ross Fucoidin (0-520 ¢.) from Himanthalea 
lorea (see Part 1, loc. ost.) was dissolved in sodium metaperiodate solution (40 c. 0-Im.) and contina- 
ously shaken Samples (5 «« were removed at intervals and the remaiming periodate estimated, after 
15 minutes, with iodine (0 IN.) after the addition of sodium hydrogen carbonate (1 g.), sodium arsenite 
(20 ¢.¢.; Ols.), and potassiam iodide (1 g.) (Found : uptake of sodium periodate in g.-equivs./100 g. of 
fucoidin, 4 hours 0-088, 24 hours 0-131) 


Thanks are expressed to the Scottish Seaweed Research Association for the provision of seaweed 
samples, to Dr. 5. Smith for the gift of iseemicymarin, and to Imperial Chemical Industries Limited for 
grants, 


Kino's Buitoinos, Univeesrtry oF Epivevecn. (Received, December 13th, 1949.) 
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168. Decomposition Reactions of the Aromatic Diazo-compounds. Part 
XII. The Reaction between Diazo-compounds and Potassium Ferro- 
cyanide. 


By M. C. Forp, Wiutam A. Waters, and H. T. Younes. 


The conditions under which ar tic diazo-< ds react with potassiam ferrocyanide 
solution to yield arylazodiaryis have been studied, and it has been found that the decom position 
proceeds most smoothly at pH 4—5 in the presence of a sodium acetate buffer. Yields of 
about 20% can be obtained with substituted aromatic amines, R-C,HyNH — = 
substituent R < Me or Cl, but both with the strongly op-directive substituent O 
the m-directive substituent NO, the yield falls to under 0-5% 

Both degradative and synthetic reactions have been carried out to establish the structures 
of the unsymmetrical arylazodiaryls obtained from o- and p-toluidine, p-chior line, « 
e-naphthylamine. When the substituent R occupies the p- jon to the nitrogen in the 
original amine, the reaction product is the 2-ary! derivative of a 4: 4’-substituted azobenzene, 

4 when R is an o-substituent the product is a 4-aryl derivative of a 2: 2’-substituted 
azobenzene. Isomeric reaction products do not appear to be formed in appreciable amount 

Possible mechanisms of this reaction are discussed. 








In Part XI (/., 1946, 1154) Saunders and Waters drew attention to the fact that 4-phenylazo- 
benzene (I; K = H) can be prepared by treating aqueous solutions of benzenediazonium salts 
with potassium ferrocyanide, and suggested that free pheny! radicals might play some part in 
this rather unusual diazo-decomposition. We have now made an experimental! study of this 
reaction, which since its discovery by Griess (Ber., 1876, 9, 132) has received scarcely any 
attention during this century, and we have established the structures of the unsymmetrical 
arylazodiaryls which can be prepared from diazotised o- and p-toluidine, p-chloroaniline, and 
a-naphthylamine. 

The account given by Griess is very brief, and it was left to Locher (Ber., 1888, 21, 911) to 
show that Griess’s reaction product, C,,H,,N,, m. p. 150°, was. probably 4-phenylazobenzene 
since it could be reduced to a mixture of aniline and p-aminodipheny! (m. p. 50-51"). We 
have confirmed this work and have obtained from Griess’s azo-compound pure p-acetamido- 
diphenyl having a melting point which was unchanged after admixture with an authentic 
specimen 

On investigating the conditions under which 4-phenylazobenzene can be obtained from 
aqueous solutions of benzenediazonium sulphate or chloride and potassium ferrocyanide, we 
found that, though the evolution of nitrogen commences immediately the reactants are mixed 
at, or below, room temperature, the yield of the desired reaction product is greatly increased by 
first buffering the diazonium salt solution to pH 4—5 by addition of an excess of sodium 
acetate. However, if the diazo-solution is first made neutral with sodium hydroxide or sodium 
hydrogen carbonate, only tarry products result, The organic reaction product usually separates 
as a filterable solid as the nitrogen is evolved. The reaction can in every case be completed at 
room temperature and it leaves a purple or brown aqueous solution which does not couple with 
alkaline §-naphthol. In some cases there was an indication that an intermediate solid diazonium 
ferrocyanide may be formed. After the reaction is over, the aqueous solution contains 
ferricyanide anions, showing that the reaction is essentially a reduction of the aromatic diazo- 
compound. The yields of the desired organic products were not appreciably altered by changing 
from the procedure of adding aqueous potass;um ferrocyanide to a stirred buffered solution of 
benzenediazonium sulphate to the reverse procedure of adding the diazo-solution to the stirred 
ferrocyanide (contrast the Sandmeyer reaction), and so for convenience the second procedure 
was generally used with the other diazonium compounds. 

When working with diazotised aniline and p-toluidine, there was no advantage in taking 
much more potassium ferrocyanide than the amount indicated by the simplified equation 


3R-C,HyN,* + 2(Fe(CN),)  —> RC HyCH RN, CHR + HY + 2(Fe(CN),) 


but when working with diazotised p-chloroaniline the yield of arylazodiary! could be almost 
doubled by using 2 moles of ferrocyanide per mole of diazo-compound. In no case, however, 
was the overall yield of pure material more than 20%. 

The products remaining in the aqueous layer were regularly investigated. These solutions 
invariably smelt of isocyanide and, when heated, deposited Prussian-blue. On steam- 
distillation, however, they yielded only very small amounts of the nitriles, R-C,HyCN, 
corresponding to the original amines, and no detectable amounts of the corresponding phenols, 
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RC HyOH, of of hydrocarbons R-C HyH of R-C,H,yC,HyR. Small amounts of hydroxyazo- 
dyes were always formed. When diazonium chlorides are used instead of diazonium sulphates 
no significant quantities of aryl chlorides can be detected. Hence this diazo-reaction does 
not correspond with the normal decomposition of a diazonium cation in water: 
ArN,” + HjO—> ArOH + H* (cf. Part X, J.. 1942, 266, for Type I reactions of the 
aromatic diazo-compoands), and is not clearly related to the Sandmeyer reaction which 
Cowdrey and Davies (/., 1949, 5 45) have recently shown to be an intramolecular decomposition 
of a complex salt. It is therefore probable that the initial reaction which involves the oxidation 
of the ferrocyanide anion is a one-electron transfer, as indicated in equations (1a) and (15), and 
that the final azo-compounds result from reactions involving free organic radicals. The recent 
demonstration by Merz and Waters (/., 1049, 2427) that free aryl radicals do not react with 
water molecules adds support to this view 

ta) ArN,* + (Fe(CN),)* > ArN,y + (Fe(CN),)*- 
or 

1b) ArNIN-OH + [Fe(CN),)* ~> ArNy + (OH)~ + [Fe(CN),)* 
followed by 

(2) ArNINy —» Ar +N, 


As suggested in Parts X and XI, electron-transfer potentials may be significant in 
determining yields in reactions such as (1) above, and in this connection it was observed that 
the yield of isolatable arylazodiary! became very small indeed when the selected aromatic 
diazo-compound contained either a strongly electron-donating (+7) substituent such as 
methoxyl, or a strongly electron-abstracting (/,—7) substituent such as the nitro-group. 
From diagotised p-anisidine only a small yield of an intractable tar containing a little azoanisole 
was obtained, from diazotised p-nitroaniline the yield of arylazodiary! dropped to 0°2%, and 
no 4: 4'-<dinitroazobenzene could be identified, though tarry hydroxyazobenzene derivatives 
were formed in quantity. 

The elucidation of the structures of the azo-compounds obtained from substituted aromatic 
amines yielded information of considerable interest. Griess (/oc. ci.) in his account of the 
reaction between benzenediazonium nitrate and potassium ferrocyanide reported that the 
solid product, C,,H,,N,, was mixed with a little azobenzene, which he separated by steam- 
distillation, and also with a “ red oi! of unknown constitution. This red oi] was later studied 
by Ehrenpreis (Chem. Zentr., 1907, 1, 1789), who reduced it to a product of m. p, 135—138 
which he believed to be triphenylhydrazine, and reported that it gave an acetyl derivative of 
m. p. 152°, Both Busch and Holbein (Ber., 1907, 40, 2009) and Wieland and Keverdy (Ber., 
1915, 43, 1112), however, have shown that triphenylhydrazine does not have these properties. 
Ehrenpreis’s compounds may perhaps be semidine derivatives. We have examined further 
the red oi) which remains as the mother-liquor from the crystallisation of 4-phenylazobenzene 
(I; R « H) from the crude product of the Griess reaction, and have found that on distillation 
at low pressures it yields a considerable proportion of azobenzene and leaves a residue from 
which more 4-phenylazobenzene can be separated. We have also attempted to separate 
chromatographically further components of this oil, and have carried out repeated fractional 
crystallisations. In consequence of all our work we conclude that it is essentially a mixture of 
4-phenylazobenzene with azobenzene, and, in particular, that no appreciable quanuties of any 
isomers of 4-phenylazobenzene are present 

Locher (loc, cf.), who carried out the ferrocyanide decomposition with diazotised 
toluidines and with diazotised a-naphthylamine, reported that o-toluidine gave a “ o-di- 
tolyl-o-azotoluene of m. p. 104 We have now found that this product separates in a 
comparatively pure state, in 22%, yield, from the reaction mixture together with about 1% of 
2: 2 -azotoluene * and a very little o-tolunitrile. Isomers of Locher's product were sought, 
but none found The maim reaction product has the structure of 4-0-tolyl-2 : 2’-azotoluene 
(I; R Me) since it could be reduced to a mixture of o-toluidine and an aminoditoly! (II). 
The latter gave e-toluic acid on chromic acid oxidation (thus confirming the orientation in 
ring &), and on bromination at room temperature it gave only a monobromo-derivative, so that 
the two substituents in ring A must occupy o- and p-positions to the amino-group. Nitration 
with copper nitrate and acetic anhydride (Menke, Rec. Trav. chim., 1925, 4, 141; Waters, 
J.. 1935, 1875) of the acety! derivative of the base (11), followed by hydrolysis, yielded an 
o-nitro-amine, since it was successfully reduced to a diamine which condensed with phenanthra- 
quinone to give a phenazine derivative. Assuming that the o-tolyl configuration is retained 


* In the azotoluenes the prefixed numerals refer to the positions of the methy! groups. 
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in regard to the methy! group in ring a of the base (II), it follows that the original “ o-ditolyl-o- 
azotoluene “ can only have the structure (I). 


K 
; ; ae 
DH, + NCS » = aibensoy!.moncbromo-derivative 


R kK 
xy rr", 


? 
HN? ‘ —-—-—————> Phenarsine derivative 
. A) Reduction 
ON 4) Phenanthreq uimone 


From diazotised p-toluidine Locher isolated a “ p-ditoly!-p-azotoluene " of m. p, 118°; we 
found that this compound is mixed with smal) quantities of 4: 4'-azotoluene and of p-tolu- 
nitrile, and that it is not accompanied by significant amounts of any isomers. The product is 
2-p-tolyl-4 : 4’-azotoluene (IIL; RK <— Me) since reduction gave p-toluidine together with an 
aminoditoly! (IV; K « Me) which (i) was oxidised to p-toluic acid, (ii) yielded only a mono- 
bromo-derivative in the cold, and (ii) gave an acety! derivative which could be condensed to 
3: 7: 9trimethyiphenanthridine (V; K < Me). Morgan and Walls (/., 1930, 1507) obtained 
the same amine (IV; RK = Me) by pyrolysis of diazoamino-p-toluidine and established its 


structure by conversion into 2: 6-dimethylcarbazole, which they then synthesised by another 
route. 


R 


ty C10, 
HOC? R < 


\/ dV) 
K 


Diazotised p-chioroaniline, with which this reaction had not previously been performed, 
yielded the analogous product, 4 : 4’-dichloro-2-p-chlorophenylazobenzene (111; K « Cl) with 
which again the reaction sequence given in the diagram above was successfully carried out. 
The main reaction product was, in this case, isolated by extraction (Soxhlet) with light petroleum 
of the bulky brown material which separates from the aqueous reaction mixture. There 
remains an insoluble residue which exhibits reactions indicative of a polyazo-compound but 
does not appear to contain isomers of (ITI). Again, small amounts of 4 : 4’-dichloroazobenzene 
and of p-chlorobenzonitrile were formed. -Nitroaniline gives a similar product (probably 
(lll; R NO,)) but only in 02% yield. Unfortunately, its structure cannot be established 
by the same reaction sequence, since reduction would also affect the nitro-groups. 

From diazotised a-naphthylamine Locher obtained |: I'-azonaphthalene and another 
substance. We found that this second compound can be extracted from the solid reaction 
product in about 9% yield, and it proves to be 4-a-naphthyl-1: l’-azonaphthalene (V1). It 
was synthesised by reducing 4-nitro-1 : I’-dinapbthy! (Schoepfle, J. Amer. Chem. Soc., 1923, 
45, 1566) to the corresponding amine (VII), coupling this with «-naphthylamine and then 
deaminating the resulting azo-dye (VIII). Reduction of (VI) was also attempted, but the 
reaction product proved to be 3-a-naphthyl-1 : 2: 7: 8-dibenzcarbazole (1X) and not the amine 
(VII). The production of a dibenzcarbazole derivative affords confirmatory evidence of the 
structure (VI) of the azo-compound, since carbazole formation can only occur if both 6-positions 
adjacent to the azo-group are unsubstituted. 

It will be seen, therefore, that in all these reactions between substituted aromatic diazo- 
compounds and potassium ferrocyanide an azobenzene derivative is formed in which an aryl 
residue occupies the p-position to the azo-greup whenever possible. If this position is blocked 
in the original amine, the ary! residue occupies the o-position to the azo-group. Neither 
isomers nor symmetrica! diarylazodiary! derivatives appear to be formed. Furthermore, the 
nitrogen atoms of the substituted bases, R-C,HyNH,, retain throughout their original 
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orientations relative to the group R, and the whole distinctive reaction can be viewed as am 
aromatic substitution by a K-C,H, group 


y, 
HN 


Vily 
IX 


When this investigation was commenced, it was hoped that the elucidation of the structures 
of the arylazodiaryls obtainable trom substituted aromatic diazo-compounds would belp to 
establish whether the substituting aryl group reacts in the form of a cation or of an electrically 
neutral radical, but as yet no clear discrimination between plausible alternatives can be made. 

Our results show that arylation has occurred in the p- or o-position to an azo-, or diazo-, 
group, and not in the p- or o-position to electron-donating substituents such as Me or Cl. 
However, since only |-—2%, of the simple arylazoary! compounds could be isolated in comparison 
with 10-20%, of arylazodiaryis, it » improbable that our reaction proceeds by way of arylation 
of a symmetrical azobenzene derivative, and indeed an attempt to phenylate azobenzene in 
acetone solution (cf. Part VI, /., 1939, 870) failed. The most probable alternatives therefore 
require that the diary! group should be formed at an early stage of the reaction, 1.¢. 

(a) By arylation of a diazonium cation 


RC Hy + (R-C,HYyN, > (RC HyC,H,R-N,)* + He 
followed by 


RCH yCH,RNY* + RC Hy + « R-C,HyC,H,R-NIN-C,H,R 
or (b) by arylation of a covalent diazo-hydroxide 
RC,Hy + RCHYNINOH — > R-C,HyC,H,R-NIN-OH + H- 


Though the radical-type reactions suggested above seem to afford the best interpretation of 
our experimental work because of the absence of significant percentages of phenolic products 
(see p. 834) diagnostic of the presence of aryl cations, we nevertheless cannot exclude entirely 
cationoid substitutions by ary! tons because the observed op-substitution of azo-compounds is 
characteristic also of reactions involving cationoid attack. Thus 4: 4’-dichloroazobenzene 
and 4: 4’-azotoluene are both nitrated in position 2, adjacent to the *NIN® gre up (see Houghton 
and Waters, /., in the press We would point out, however. that the simple polar substitution 
of a benzenediazonium cation, 1.¢ 


Ar’ + (C,H yN,)* ~» products 


should give a m-substituted product (cf. the nitration of phenyltrimethylammonium salts) and 
this certainly is not formed 


EXPERIMENTAL. 


Preparation of 4-Phenylasobenzene Aniline (23 ¢ ), dissolved in hydrochloric acid (82 ml.) and water 
(50 mi), was diarotiaed at 05° with sodiom nitrite (18 g.) in water (0) mi.) and the resulting solution 
was buffered with a solution of sadiam acetate (100 ¢) in water (200 ml This cold solution was then 
added siowly to a stirred solution of potassiam ferrocyanide (125 ¢.) in water (600 ml.) at room 
temperature A dark red precipitate of henzenedtazonium ferrocyanide formed at once, and decomposed 
gradually with evolution of nitrogen The mixture was kept overnight, and the resulting brown solid 
was then collected, washed thoroughly with water and dilute alkali, and fractionally crystallised from 
alcohol (charcoal In this way 44 g. (22%) of 4-phenylazobenzene were obtained in the form of 
orange-yellow crystals, m. p. 162° (Pound: C, 83-6; H, 53: N. 10-9. Cale. for C,,H,,.N,: C, 83-75 
H, 64, N, 10-09%). When the benzenediazonium ferrocyanide was separated at once it decomposed to 
give only a black tar 

The residue from the crystallisation of the 4-phenylazobenzene was a red oi] which on distillation at 
O05 mm pressure yielded 1%, of azobenzene and a little more phenylazobenzene 

The aqueous filtrate from the reaction smelt strongly of phenyl! isocyanide. On distillation with 
steam it yielded a little azobenzene but not phenol, and a bulky precipitate of Prussian-biue separated 
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When sodium acetate was not added the of 4-phenylazob was only about 1%. Neutralisation 
of the be d Iphate or loride with sodium hydroxide or sodium hydrogen carbonate 
solutions led to formation of very tarry products. 

Reduction of 4-phenyiazobenzene with tin and alcoholic hydrochloric acid a a mixture of aniline 
and 4-aminodipheny!; from the latter, 4 diphenyl, m. p. and mi m. p. with an authentic 
specimen, 167°, was obtained 

4-0-Tolyl-2 : 2’-esofoluene (1; R = Me).—A solution of o-toluidine (1 mol.) in ice-cold 200% hydro- 
chioric acid (540 mi. 3 mols.) was diazotised at 0-—6" with sadium nitrite solution (75 g in 200 mi. of 
water) and the product was buffered with a solution of hydrated sodium acetate (272 ¢., 2 mols.) in water 
(225 mi). The resulting solution was slowly added to a mechanically stirred solution of potassium 
ferrocyanide (840 g., 2 mols.) in water (3.1.). Nitrogen was evolved gradually. After the mixture had 
been left overnight, the resulting red precipitate was collected and recrystallised trom ethy! alcohol ; 

id, 22%. The pure product separated in orange-red platelets from methy! alcohol and had m 

055° (Ehrenpreis gives 104") (Found: C, 842; H,62; N,®2. Cale. for C,,H.N,: C, 840; H, @ 
N, 93%) 

The mother-liquors from the recrystallisations were combined, the solvent removed, and the residue 
distilled in a vacuum. From the combined residues from 5 mols. of o-toluidine there were obtained 
(i) @5 g. of o-tolunitrile, b. p. 40°/1.6 mm., identified by hydrolysis to o-toluic acid, m. p. and mixed 
m. p. 103°, and (ii) 5 g. of 2 : 2’-azotoluene, ound and mixed m. p. 54° 

Reduction. A solution of the azo-<om (20 ¢.) in boiling alcoho! (500 mi.) was added ion- 
wise to a solution of stannous chloride (112 g. of bydrate) in concentrated hydrochloric acid (112 ml.) 
at 100°. Each portion was immediately decolorised (Note. Addition of stannous chioride solution 
to the azo-compound was unsatisfactory, as it gave an intractable mixture of involatile ammes, possibly 
of semidine type.) The alcoho! was removed from the completely reduced solution under diminished 
pressure, the residue was made strongly alkaline with sodium hydroxide and extracted with ether, and 
the bases were collected and distilled in a vacuum giving : (i) o-toluidine (2-4 g }, identified as its acetyl 
and benzoy! derivatives, and (ii) 4-amino-3 : 2’<litoly! (7-1 ¢), b p 92°/0-005 mm. This was a 
yellow viscous oi) which rapidly darkened on storage. Its acefy! derivative crystallised from light 

roleum (b. p. 60—80") in fine matted needles, m. p. 143° (Found: C, 80-6; H, 722; N, 66 

yell, ,ON requires C, 80-3; H, 7-2; N, 58%). Its dibenzoyl derivative, prepared by treating the base 
with an excess of benzoyl chloride > boiling | pyridine, a from alcoho! in short needles, m. p 
140-5° (Found: C, 831; H, 57; 34%; M (Rast), 393 H,,O,N requires C, 82-0; H, 6&7; N 
345%: M, 405 U nder the same ges 5B it was found ‘ont PN <ibeazoy! derivatives were obtained 
from other o-substituted amines, including o-toluidine itself. The picrate of the base crystallised in 
stout yellow prisms, m. p. 198° (Found: N, 132. C.,H,,O,N, requires N, 13-1%) 

A portion of the base was oxidised with chromic acid in aqueous acetic acid solution and gave o-toluix 
acid, m. p. and mixed m. p. 102—103". Another portion (2-0 g.) was dissolved in glacial acetic ack 
(50 mi.) containing anhydrous sodium acetate (2-5 g.) and a 3% solution of bromine in glacial acetic acid 
was added dropwise. When just over one molar equiv. (60 mi.) had been added free bromine remained 
in the solution. To ensure completion of the reaction a slight further excess of bromine was added, 
and after 5 minutes the mixture was poured into dilute alkaline sodium sulphite solution. The purple 
oily 5-bromo-4-amino-3 : 2’-ditoly! was collected. From a small part the Aydrochloride was prepared 
and crystallised from alcoholic hydrochloric acid in glistening needles, m. p. 160° (decomp.) (Found : 
Ci + Br, 344. C,,H,,NBr,HCl requires Cl + Br, 368%). The remainder was benzoylated as 
described above, and yielded 5-bromo-4-dsbensenndo-3 : 2'-ditoly!, which crystallised from alcobol in 
rosettes of needles, m. p. 175° (Found: C, 69-4, 60-3°; H, 4-8, 47°; N. 30%; M485. C,H ,ONBr 
requires C, 69-5; H, 4-6; N, 2-0%,; M, 484) (* denotes macro-analysis by Mr. F. C. Hall), 

Nutration of 4-Acetamido-3 : 2’-ditolyl.—Powdered hydrated copper nitrate (7 g.) was added in small 
portions to a stirred suspension of acetamidoditoly! (10-6 g.) in acetic anhydride (50 mi), kept at 
25-30" in a bath of cold water. After an hour the clear green solution was poured into water, and 
the pale yellow 6-nitro-4-acetamido-3 : 2’-ditoly! (90%) was collected and hydrolysed by refluxing for 
6 hours with a 30% solution of sulphuric acid in ethy! alcohol After removal of the alcohol, the residue 
was poured into water and the resulting 5-nitro-4-annno-3  2’-ditolyl was crystallised repeatedly from 
aqueous methy! alcoho’. It formed a needies, m. p. 05° (Found: C, 603; H, 60; N, 11-6. 
CygH ON, requires Cl 60-4; H, 6S; N, 11-6%). 

This base (0-6 g.) was reduced with an excess of zinc dust in boiling glacial acetic acid solution 
(25 ml). and the purple solution was filtered into a solution of phenanthraquinone (0-4 g ) in hot glacial 
acetic acid (10 mi.). After the mixture had been heated for an hour it was poured into water, and a 
black powder separated. This was dissolved in acetone and passed down a column of activated alumina. 
On ee gees with water the eluted liquid gave o> vo egy! which was collected and crystallised 
repeatediy from benzene-light petroleum (b. p. to give eventually 1|2-0-4olyl-10-methvi- 
phenanthrasine (8-0-tolyl-6-methyl-1 . 2:3: 4-dibenzphenarine) as very small light-brown needies, 
m. p. 192—103° (Found : C, 860; H, 50; N,7-2. C,,HyN, requires C, 87-4; H,G2; N,7-3%). This 
substance gave a brilliant purple solution in concentra sulphuric acid 

2-p- Tolyl-4 : 4'-azotol oth jut of p-toluidine (1 mol.) was buffered with sod 
acetate, as described above, ‘at added slowly with tiring to 5 solution of 
a Se ee A red diazonium 

















other 
pane do 118°, in agreement with Ehrenpreis (Pound: C, 83-7; HM, 67; 
: C, MO; Pi, 67; N, 93%). 
with stannous chioride in alcoholic hydrochloric acid, and, after 











838 Ford, Waters, and Young: Decomposition Reactions of 


removal of the excess of alcohol, the solution was made alkaline and distilled in steam. p-Toluidine 


pu 

distillation in a vacuum (b. p. 123-—128°/0-4 mm.) (Found: C, 86-2; H.7-6; N.76, C,,H,,N requires 
Cc, 83: H. 76: N, 71%). lee acetyl! derivative co lised from aqueous alcohol in long needies, 
m p 104° (Pound: C, 3, H. 71; N66. Cak C,,.H,,ON: C, 83; H, 71; N, 59%), and 
its soy! derivative formed white needles. m. p. 122° (Found: C, 83-4; H, 66; N, 48 Cy, HON 
requires C, 837, H. 63; N, 47%). Om treatment for 20 minutes with concentrated nitric acid, the 
acety! derivative yielded a dinitrocompound, probably 3. 2’-densiro-2-acetamido-5 : 4'-ditelyl, which 
crystaliiaed trom very dilute alcohol in yellow needles, m. p. 191° (Found: C, 58-7; H, 48; N, 13-0. 
Cyglt ,OLN, requires C. O84: H, 66; N, 12-86%) 

On oxidation with chromic acid in aqueous acetic acid the 2-amino-5 ;: 4’-ditoly! (1 g.) gave p-toluic 
acid (0-2 ¢), m. p. end mixed m. p. 177° 

3 Aromo-2-amino-5 | & -ditelyl.—2-Amino-5 - 4’-ditoly!l (1 g) was dissolved in carbon tetrachloride 
(20 mi), a little powdered sodium acetate was added, and a 1% solution of bromine in carbon tetra- 
chloride was slowly run into the mixture, cooled m ice. When excess of bromine was present, aqueous 
sulphurous acid was immediately stirred in to prevent further conversion into dark products. The 
carbon tetrachionde layer after separation, washing with water, and evaporation gave a dark residue 
from which white crystals of the bromo-base were obtained by crystallisation from aqueous methyl 
alcohol (charcoal); m. p. 68° (Found: C, 667; H, 51; Br, 28. C,,H,NBr requires C, 60-0; H, 
St: Br, 280%). Its acety! derivative crystallised from aqueous alcohol in white needles, m. p. 135° 
(Found: C, 62, H. #8 C,,H,,ONKr requires C, 60-4, H, 50%). and its monobenzoyl derivative, 
prepared by the Schotten- Raumann method, formed white needles, m. p. 196° (Found: C, 660; H, 4-6 
Uo, HON Tir requires C, 665, H, 45%,) 

3 7 & Trimethyiphenanthridine —2-Acetamido-5 : 4'-ditoly! (1-3 g) and phosphorus oxychloride 
(3 @) were heated ender reflux in nitrobenzene solution (15 mi.) with the addition of a drop of stannic 
chloride as catalyst. After 4 hours the evolution of hydrogen chloride had ceased. The mixture was 
then poured into water, nitrobenzene was removed by distillation in steam, and the remaining solid, 
comsisting of the hydrochloride of 3° 7 9-trunethylphenanthridine, was collected and crystallised from 
alcohol containing a little hydrochloric acid. It formed pale yellow felted needies which did not melt 
below 200 The free base was prepared from this and purified by crystallisation from light petroleum 
b. p. @80")> yield, 60%. It formed pale yellow prisms, m. p. 123° (Pound: C, 87-0; H, 68; N, 
64. C,H YN requires C, 5690, H, OS: N, 63%) 

4: 4 Dntchlore-2 p-chlorophenylasobensene (111; R = Cl) —p-Chloroanilme (42:5 g., 033 mol.) in 

5%, budrochlertc acid (150 mi... | mol.) was diazotised below 5°, buffered with sodium acetate (9) g., 
0-46 mol.) to water (75 mi), and slowly added, with mechanical stirring, to a solution of potassium 
ferracyankde (280 ¢ . 66 mol) in water (11). Evolution of nitrogen was immediate and rapid and a 
few drops of butyl aleohol had to be added to control foaming. After the mixture had been left 
overnight, the light-brown precipitate was collected, dried (yield, 60%), and extracted thoroughly with 
light petroleum (> p 60-80". A yellow crystalline solid was obtained, together with tar. By 
repeated crystallisation from acetic acid and then acetone the former gave, in 13%, yield, pale yellow 
felted needles of 4. 4’ .dichloro-2-p-chlerophenviasobencene, m. p. 153° (Found: C, @-2; 599; H, 32, 
33, N, 78, 76; Cl 204. C,,H,N Cl, requires C, 506; H, 30; N, 7-8; Cl, 20-59%). The red 
tarry residue was evaporated and distilled in a vacuum. It gave a trace of p-chlorobenzonitrile, and 
then, at 12)170°) 5 mm... an orange o) which solidified, and gave, on recrystallisation, orange needles 
of 4 4° dichloroarobenzene (1%), m p. and mixed m p. 183°. Steam-distillation of the aqueous liquid 
from the initial reaction gave a further small quantity of p-chlorobenzonitrile, identified by hydrolysis 
to p-chiorohenzotc acid, m p and mixed m p 232 

Neduchom. 4. 4'-ltichloro-2-p-chiorephenylazobenzene (10 g.) in boiling glacial acetic acid was 
treated, in portions, with zinc dust (15 ¢.). To complete the reduction a mixture of hydrochloric acid 
5 mil) im acetic ack? (20 mi) was subsequently added The colourless solution was filtered hot, 
concentrated, and made strongly alkaline with 50%, sodium hydroxide solution. The bases were 
extracted with ether, this solvent was removed, and the residue was extracted at 4° with five successive 
portions of het water The aqueous extract, on cooling, deposited p-chloroaniiine (0-8 g.), dentifed 
its acety! and benzoyl derivatives (m. p.s and mixed m. p.s with authentic specimens 177° and 191°, 
reapectively The resikiue was a sticky product, and, since attempts at crystallisation failed, it was 
hensoylated in pyridine solution, and the benzovlated amines were fractionally crystallised from 
aqueous alcoho! 5: 4'-Dichlore-2-bensamidodiphenyl (2 ¢) was thus obtained in white needles, m. p. 
1" (Pound: C, 667; H, 44; N, 40. C,H ONC, requires C, 66-7, H, 38; N, 41%) (C and fi 
analysis by Mr G Ingram) 

A small pertion of the crude base was oxidised with chromic acid in acetic acid solution 
and gave p-chlorobensoic acid, mp. and mixed m. p. 232° (anilide, m. p. 195°) 

3. 1. thchloro-0- phewyl phenantharidine —5 : 4'-Dichloro-2-benzamidodipheny! (1 g.) and phosphorus 
oxychloride (3 ¢ ) were heated ander reflux for 6 hours in nitrobenzene solution (10 ml.) together with a 
few drops of stannic chioride. A further ml. of phosphorus oxychloride was then added, and the heatin 
continued for another 10 hours. The product was poured into water and steam-distilled, and the sol 
residue was collected and recrystallised from alcoholic hydrochloric acid, yielding pale yellow needies 
of the hydrochloride of the phenanthridine. The free base, obtained by treating the salt with aqueous 
ammonia and extraction with ether, crystallised from benzene in colourless needles, m 193°, not 
identical with those of the original dichlorobenzamideadipheny! (m 191°); yield, 50 (Found : 
C, 0; MH, 36, N. #4 C,H NCL requires C, 704; H, 3-4 na 43%) (C and H analysis by 
Mr. G. Ingram). This base gave a picrate, which crystallised from benzene in mustard-yellow needles, 
m. p, 220° (Found: N99. C,,H,,O,N,C), requires N, 101%). The ultra-violet absorption spectrum 
of the base in methylalcobolic solution (maxima at 2600, 3410, and 3575.) accorded with the 
phenanthridine structure 
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o—f-Nitroanitine (46 ¢) and sxdium nitrite (25 g.) were 
with water (100 mi.) and poured on a ture af ice (100 ¢ ) and concentrated 
hydrochlone acid (100 mi). After being stirred for 10 minutes, the mixture was filtered into a solution 
of sodiam acetate (91 g) in water (100 ml), and the uct was slowly added to a mechanically stirred 
eshution of petassiam (ervesyanide (909 @3 tn eater Il). A few of buty! alcohol were added to 
moderate the foaming which occurred. After the mixture had been left overnight, the black precipitate 
was collected, dried, and extracted with absolute alcohol (Soxhlet), The alcohol was then removed, 
the residue was boiled with 10° sodium hydroxide solution to remove hydroxyazo-compounds, and the 
alkali-insoluble residue was crystallised repeatedly from acetone and then from aylene. It gave the 
4: 4 -demttro-2-p-mutr phenylaccbenseme as a brick-red powder, m. p. 240° (decomp.) (yield, 1%) (Found 
N, 180 Cyt, ON, requires N, 17-89%). In admixture with authentic 4: 4 <dinitroazobenzene 
(m. p. 219") « alc x. 20-6%) the m. p. was lowered to 203°. When this was boiled with alcoholix 
ammonium sulphide and the product made strongly alkaline, an intense grass-green colour was produced 
Under the same conditions 4 4’-dinitroazoben zene gave an intense blue colour 

The reaction described above for »-toluid was repeated with p-anisiiine. The product was a 
sticky tar from which by repeated crystallisation from methy! alcohol, yellow 4° 4'-azoanisole, m. p 
and ~ gee m. p. 158—159", was eventually isolated in 4% yield, together with anisonitrile, m. p. 46°, 
im $% y 

te Waphehyt 1 : 1’-azonaphthalene (V1).—a-Naphthylamine (143 g.. 1 mol.) was dissolved in hot 20%, 
hydrochioric acid (500 mi), cooled rapidly, and diazotised with ucous sodiam nitrite (4s) The 
diazotised solutvon was buffered with sodium acetate (300 g.) in water (250 ml.) and then added gradually 
to a stirred solution of potassium ferrocyanide (928 g.. 2 mols.) in water (21). The evolution of nitrogen 
was immediate and rapid, and it was necessary to add drops of baty! alechol to prevent foaming 
After being left overnight, the brown precipitate was collected, dried (yield, 85%), and extracted for 
2 days (Soxhlet) with light petroleum (b. p. 60-80"). The extract was concentrated to 250 mi, and 
the wa xjuct, which contained much tar, was boiled with benzene, with the addition of charenal 
(5 g.). is solution deposited a brown solid which, by successive crystallisations frean alcohol, light 
~~ Ae p. 080"), glacial acetic acid, and ~— acetone, gave, in 0%, yield, brick-red een, 
needles of 4-a-maphthyl-1 |’-asonaphthalene, m 78° (Found: C, 87-3; HM, 48; N. 60. CHIN 
requires C, 882; H, 49: N, 69%). This wasa yall em as follows 

4-Nitro-1 : l'-dinaphthy! (Schoepfle, foc. cit.) (10 g.) im boiling alcohol (200 ml.) was treated with a 
solution of stannous chloride (45 g.) in concentrated hydrochloric acid (40 mi.)}. After refluxing for 
1 hour the alcohol was removed, and the residue poured into 30% sodium hydroxide (300 mi) The 
crude 4-amino-1 : l'-dinaphthy!l was collected, extracted with ether, and finally crystallised from 
alcohol. It formed pink nodules, m. p. 157-158" (8 g.) (Found: C, 893; H, 66; N, 54. CyH YN 
requires C, 80-2; H, 566: N, 52%). Its acetyl derivative crystallised from aqueous pyridine in small 
white plates, m. p. 256-5" (Found: C, 84; H, 56; N, 46. C,.H..ON requires C, 84-0; H, 56; 
N, 45%), and its dibensoy! derivative had m. p. 210° (Found: C, 569; H, 52. C,,H,O,N requires 
C, 855; H, 49%) 

The above base (7 ¢) was diazotised in hydrochloric acid suspension After 20 minutes, 
excess of nitrous acid was removed with urea (5 g.) and a solution of e-naphthylamine (4 ¢) in glacial 
acetic acid (35 ml.) was added, followed by 3%, sodium hydroxide solution (1% mi.) he reddish- 
brown aminoazo-compound was allowed to settle overnight and then was collected and dried = m p 
ca. 160° (decomp.); yield, quantitative (12g). It was dissolved in a mixture of aleohol (100 mi.) and 
concentrated sulphuric acid (5-4 g) and treated at 0° with freshly ens amy! nitrite (3-48 ¢.) After 
being kept for 12 hours at room temperature, the mixture was slowly warmed, and finally it was refluxed 
for an hour. Water was then added, the alcohols were removed undez diminished pressure, and the 
residual black tar was washed with water and extracted with boiling alcohol. The extract, on 
pre« say ong with water, gave a bright red solid which was redissolved in 80% alcohol and passed down 
an alumina column, which retained beth tar and azodye. The eluted material was repeatedly 
crystallised from acetone and glacial acetic ack alternately, and finally gave 4-e-naphthyl-i : |'-azo- 
naphthalene as dark red granules, m. p. 178-179" not depressed on admixture with the product 
obtained as before. When crushed, the granules gave a brick-red powder 

Reduction of 4-a-Naphthyl-\ : \'-arowaphthalene.—A boiling solution of the azo-compound (10 ¢.) in 
glacial acetic acid (200 mi.) was reduced by gradual addition of rine dust (20 g), hydrochloric acid 
(5 ml.) being added to complete the reaction. After filtration, the product was concentrated and treated 
with a large excess of 50% sodium hydroxide solution; ammonia was then evolved The resulting solid 
was collected on sintered glass. No part of it was volatile in steam. and consequently a-naphthylamine 
was not present. The solid was purified by dissolution in alcoho! and partial precipitation with water 
unt) a product was obtained which < could be recrystallised from benzene-light petroleum (b. p. 4—é") 
This was 3-o-mapsthyl-1 : 2: 7: 8-dibemzcarbarole (1X), m. p. 216-—219"; yield 55% (Found: C, 90-8; H, 
458; N. 34. CQH,,N requires C, 91-6; H, 40: N.3-6°%,). On crvstallisation from absolute alcoho! it 
gave brownish-yellow needles of an alcohol complex, which decomposed when heated to 136" to give 
the free carhazole 

The pterate of the carbazole derivative crystailis 4 in maroon-colonred tes, sintering at 246° and 
melting at 252° (decomp.) (Found: N, 79. CH gO,N, requires N, 049%). 

The carbazole in dilute alcoholic solution showed an intense biue-green fluorescence in ultra-vielet 
light. It gave a pale red solution in a GINO, Kcr r KSOy. Feely Rah yg intense indigo-blue on 
ee with many oxidising —s (H K,S,0,, 1,, VO.) 

Phenylation tenediazonium chloride, 
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Extraction of the latter with light petroleum (b. p. 680"), followed by repeated Misation, 
eventually led to the recovery of about 4) mg. of unchanged azobenzene; no other c line product 
could be separated 


Except where otherwise stated, all analyses are by Dra. Strauss and Weiler. M. p.s are uncorrected. 
Tus Dyson Paasins Lanoratory, Oxrosrp. (Received, December 15th, 1949.) 


169. The Synthesis of Thyroxine and Related Substances. Part VI. 
The Preparation of Some Derivatives of pi-Thyroxine. 
By J. C. Crayton and B. A. Hems. 


A sumber of new derivatives of pi-thyroxine have been prepared; their solubilities and 
physiological activities are recorded. A new method of iodination of 3 : 5-di-iodothyronine and 
its derivatives is described 


im the introduction to this series (Borrows, Clayton, and Hems, /., 1949, S 185) it was stated 
that one of the aims of the work was to prepare derivatives of thyroxine that would be suitable 
for oral administration in the treatment of hypothyroidism. It was generally thought at that 
time (Harington, “ The Thyroid Gland,” London, 1933) that free thyroxine was ineffective 
orally, presumably because of its low solubility and consequent poor absorption from the gut. 
If that were so a soluble derivative might be more useful. We have prepared certain new 
derivatives of thyroxine; values have been obtained for their solubilities and 
physiological potencies, and are shown in the Table. Thyroxine methyl ester is included 


Solubility in water, 
Substance Activity (g./100 ml. at 25°) 
pt-Thyroxine monosodium salt . 10 <0-001 pH 70 
Thyroxine methy! ester ecseess 0-65 0-017 pH 7-46 
Thyroxine ethyl! ester socceoes O56 6-002 pH 7-6 
N-Pormylithyroxine ......... ra 0-3 0-16 pH 7 
0-37 pH 9 
N -Phthaloyithyroxine , inactive <0-02 pH 7 
N-8-Carboxyproptonyithyroxine 0-07 0-95 pH 7 
N-Onxalothyroxine o3 14 pH 7 
O-Carboxymethyithyroxine o1 0-03 pH 7 
N-Carbamylthyroxine sodium salt inactive 0-6 pH 70 
Thyroxine methyl ether ... 0-5 <0-008 pH 7-6 


3 
2 
6 
6 
6 
6 


since no figure for its activity has been reported. The biological activities of these compounds 
were determined by injection into mice, using the method devised by Smith, Emmens, and 
Parkes (/. Endocrinol, 1947, 5, 186). 

Thyroxine ethy! ester hydrochloride was prepared by treating with hydrogen chloride a 
suspension of the amino-acid in ethyl alcoho! : it was converted into the etéyi ester by treatment 
with the equivalent quantity of sodium hydroxide solution. N-Formylthyroxine was prepared 
by heating the amino-acid with formic acid under reflux, and N-pAthaloylihyroxine was obtained 
by treatment of thyroxine with phthalic anhydride at 180° according to Billmann and Harting’s 
general method (/. Amer. Chem. Soc., 1948, 70, 1473). For other N-acy! derivatives the methyl 
ester of thyroxine in anisole solution was treated with the appropriate acid chloride and the 
V-acyl esters were then hydrolysed with sodium hydroxide solution (cf. Ashley and Harington, 
Biochem, J ., 1928, 32, 143¢ Thus, N-S-carborypropionylihyroxine and N-oxalothyroxine were 
prepared from thyroxine methyl ester and §-carbethoxypropiony! chloride and methoxalyl 
chloride, respec tively 

When thyroxine was heated under reflux with 2n-sodium hydroxide solution and chloro- 
acetic acid, the substance obtained on acidification appeared to be O-carboxrymethylthyroxine, 
since it showed a positive ninhydrin reaction, but no colour with sodium nitrite in acid solution 
followed by basification with ammonia, a test in which 2 : 6-di-iodophenols give a red colour 
Kendall and Osterberg, /. Biol. Chem., 1919, 40, 265; Harington and Barger, Biochem. J., 
1027, 21, 1690 Furthermore, electrometric titration demonstrated the presence of one basic 
group and only two acidic groups 

The monosodium salt of N-carbamylthyrosine was prepared by heating the sodium salt of 
thyroxine with an aqueous solution of sodium cyanate, Attempts to prepare the free hydantoic 
acid from the sodium salt failed, since rapid cyclisation to thyrosinehydantoin took place. This 
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last compound was characterised by catalytic hydrogenolysis, the product proving identica! 
with thyroninehydantorn prepared from thyronine by the usual method. 

There is some doubt about the activity of thyroxine methyi ether, which has been prepared 
by two different methods. One was the action of diazomethane on thyroxine, followed by 
hydrolysis of the resultant ester (Loeser, U.S.P. 2,252,230); the product was reported to meit 
at 226—228° and was claimed to be highly active. In the other, N-acetyithyroxine was 
methylated with methy! sulphate, and the acety!] group was subsequently removed by hydrolysis 
(Myers, Proc. Staff Meetings, Mayo Clinic, 1932, 7, 201; J. Amer. Chem. Soc., 1932, 54, 3718). 
The product meited at 210-213" and was said to be active when administered to tadpoles, 
but had no effect upon normal men. Difficulties were encountered in attempting to follow 
Myers's intructions and no methy! ether was obtained. Consequently, thyroxine methy! ether 
was prepared by Loeser’s procedure and identified as the methy! ether by hydrogenolysis to a 
compound that proved identical with an authentic specimen of thyvonine methyl ether; this 
was prepared by hydrolysis and simultaneous racemisation of 3 : 5-di-iodo-4-p-methoxyphenoxy- 
N-acetyl-t-phenylalanine ethyl ester to 3: 5-di-iodo-4-p-methoxyphenoxry-Di-phenylalanine, 
which was then hydrogenolysed. 

In preparing thyroxine by the iodination of 3 : 5-di-iodothyronine in strong aqueous ammonia 
(Harington and Barger, Joc. cit.; Harington, Biochem. J., 1928, 22, 1420) trouble was often 
encountered through the formation of explosive nitrogen iodides. By careful working, in 
particular by adding the iodine solution slowly below the surface of the liquid, the formation of 
nitrogen iodides was avoided, but the method was thought to involve an undesirable risk, 
particularly in larger scale preparations. To avoid this risk several other known methods of 
iodination were attempted, but none was satisfactory. Finally it was thought that solutions 
of organic bases might be useful as solvents, since their iodine derivatives are known to be non- 
explosive. The use of tertiary bases met with no success, but aqueous or alcoholic solutions 
of primary or secondary aliphatic bases proved to be very suitable media for iodination. 
3 : 5-Di-iodothyronine is much more soluble in these solutions than in aqueous ammonia, and 
the iodination appeared to proceed more rapidly, although detailed studies on this point have 
not been carried out. The method is simple and convenient and thyroxine is obtained 
consistently in 90% yield. Several primary and secondary aliphatic bases have been used and 
aqueous ethylamine solutions have proved to be generally useful. The method has also been 
used in the iodination of derivatives of 3 : 5-di-iodothyronine, N-formyl- (Harington, lec. cit.), 
N-acetyl-, and N-8-carborypropionyl-3 : 5-di-iodothyromine, giving the corresponding thyroxine 
derivatives in good yield. Similarly, 3 : 5-di-iodothyroninehydantoin could be iodinated to 
thyroxinehydantoin, which proved to be identical with the compound prepared by cyclisation 
of N-carbamylt: yroxine. 

Although iodination of 3: 5-di-iodothyronine methyl ester did take place in aqueous 
solutions of bases, the compound underwent hydrolysis and thyroxine was the sole product. 
However, under anhydrous conditions, for example, using methy! alcohol and n-butylamine as 
the solvent, thyroxine methy! ester was readily obtained. 


EXPERIMENTAL. 


Thyroxine Ethyl Ester —Hydrogen chloride was passed into a mixture of thyroxine (1 g.) and ethyl 
alcoho! (10 ml), and the solid rapidly went into solution. When the solution was saturated it was allowed 
to cool and was re-treated with hydrogen chloride. Evaporation yielded a solid residue of the ester 
hydrochloride (0-97 g.) which was dissolved in aqueous ethy! alcohol; one equivalent of n-sodium 
hydroxide was then added. The ethy/ ester was precipitated as a white solid and was filtered off, washed, 
and dried. It (0-7 g.) had m. p. 156—157° (Found; C, 260; H, 1-8; N, 1-75; 1, 62-55. Cys, ON, 
requires C, 25-4; H, 1-0; N. 1-7; 1, 63-1%) 

N-Formylthyroxine.— Thyroxine (1 g.) was heated under reflux with formic acid (12 ml.; 08-—100%) 
for five hours, and the solution cooled and ev: ated in vacuo to dryness. The residue was heated for 
1-5 hours with more formic acid (10 ml.), and the solution evaporated. The product was completely 
soluble in dry acetone from which it crystallised on addition of water. The materia) was recrystallised 
from aqueous acetone and > N-formyl commpound rated as a white powder, m. p. 223° (decomp.) 
(Found: C, 26-2; M, 1-8; N, 146; 1,620. hecepee nee eee eC H, 1-6; N17; 
1, 61-7%) 

N-Pathaloylthyroxine. —A mixture of thyroxine (0-5 
in a test-tube to 180°, by means of an oil-bath. The ba 
minutes. The solid slowly acted ty o: Semmaninens tae iene 
was extracted with boiling glacial acetic acid, and the solid obtained on cooling w as recrystallised irom 
ethyl acetate—light petroleum (b. p el aie mrt ), m. » Poss 156-—157° (decomp.) (Found : 
C, 3-7; H, 1-8; N16. C,H,,O NT, requires C, ix 


NB Carbosypropuompthy —T solution of thyroxine methy! ester ( and Harington, 
Biochem. J, 1928, 22, ait i A ation oh rosie wey! eter (Asher and Harington 
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chloride (0-14 ¢) (Papa, Schwenk, and Hankin, { Amer. Chem. Soc, 1947, 68, 3018) in anisole (2 mi.) 
was added Alter one hoar the precipitate was Al.ered off and identified by m p. and mixed m. p. as 
thyroxine methy! ester hydrochloride (0-65 g.). The filtrate was evaporated to dryness in vacuo and 
the residue dissolved in benzene. A @ short time white priems (0-4 ¢), m p. 130-—14!*, were 
ee ee ee ee aed te yithyroxwme methyl ester (Found : 
C. 201; HM, 27; Nba . Coty ONL, requires C, 26-7; H, 23; N. 1-6; 1, 553%). 

The ester was dissolved in ethy! alcohol (5 ml.) containing s-sodiam hydroxide (4 mi}. After 
one bour at room tem ture, w-hydrochioric acid (4 m!.) was added to precipitate the N-8-cerbory- 
propronylihyrosine is crystallised from aqueous alcohol as white prisms (@ ts g.). m. p. 202—2"3° 
— ») (Found: C, 260; H, 1-6; N, 1-4; 1,576. C,H,,O,NI, requires C, 260; H, 1-7; N, 1-6; 

sao%,) 

N Osalothyrosmme —\la a similar manner N-osalothyrosine was prepared from thyroxine methy! ester 
and methoxaly! chioride; it crystallised from alcoholic alkali, on addition of acetic acid, as a white 
powder, m 225.226" (decomp.) (Found: C, 24-2, H, 1-7; N, 16; 1, 624. C,,H,,O,NI, requires 
©. 2406; HL13: N. 166; I 8%) 

O Carberymethylihyroxme —To thyroxine a) in water (30 mi.) containing ~-sodiom hydroxide 
(6 mi.) chieroacetic acid (0-12 g.j was added, the mixture was boiled under reflux for two hours. 
Ao equa! volume of alcohol was added and the mixture was treated with charcoal and filtered, and the 
pH adjusted to 5 by addition of jal acetic acid. On cooling, silvery plates were deposited which 
were recrystallised by solution in sholic alkali and addition of acetic acid. O-Carborymethylthyrorine 
(O7 ¢.) had m. p t08—-200" (decomp.) (Found: C, 242; H, 21; N, 16; 1, 6@1, C,,H,,O,NI, 
requires C, 244, H, 16. N, 1-7; L, 60-09%) 

Sodium Salt of N-Carbemylthyroxine.— Thyroxine monosodium salt (1 g) suspended in water (75 m1.) 
containing sodium cyanate (0-4 g.) was heated ander reflux for one hour and then an aqueous solution 
(25 mil.) of sodium cyanate (0-4 g ) was added and heating continued for three hours. The clear solution 
was concentrated im vacwo to 50 ml. and kept in the ice-chest whereupon the sodium salt separated as a 
white powder (07 ¢.). It was purified by dissolation in methy! alcoho! (10 ml.) and addition of ether 
(100 mi.) whereupon a white solid was obtained (Found: N, 33; 1, 595; Na, 20. C,sH,,O.N,I,Na 
requires, N, 3-3, 1, 603, Na, 27%) 

5-(3 : 5-Di-todo-4-(3 : 5-di-todo-4-aydroryphenory\benrylhydantoin —To a suspension of thyroxine 
monosodium salt (0-8 g.) in water (75 ml.) 0-2~-sodram hydroxide (8 mi.) and sodium cyanate (0-4 ¢) 
were added and the solution was heated under reflux for 2-5 hours. Concentrated hydrochloric acid 
(40 mi.) was added, and heating was continued for one hour. After cooling. the Aydantoin was filtered 
off and recrystallised from acetic acid from which it separated as white pmsms (73 ¢.), softening at 
160-.170° and decomposing at 235° (Found: C, 25-4; H, 16; N, 34. C,,H,O,N,1,C,H,O, requires 
C, 261; H, 16; N, 3-25 ‘ 

5 (4-p- Hydroxyphenos sylhydantown—-(a) A suspension of thyronine (2 g.) in water (20 ml.) 
containing sodium cyanate (1 ¢.) was refluxed until all solid had dissolved. Concentrated hydrochloric 
acid (12 ml.) was added and the mixture was heated under reflux for a further 30 minutes. The solid 
obtained on cooling was filtered off and recrystallised from aqueous acetic acid from which the hydantun 
separated as colourless feathery clusters (1-9 g.), m. p. 256-257" (decomp.) (Found: C, 64-0; H, 48; 
N, @3. CysH ,O,N, requires C, 644; H, 47; N, 04%) 

(6) 5-(3 5-Di-todo-4-(3 : 6-di-iodo-4-hydroxyphenoxy) benzyl hydantoin (0-17 ¢ .) was hydrogenolysed 
in © In-sedium hydroxide solution (20 ml.) using palladised calcium carbonate (0-5 g) as catalyst 
The crude product was crystallised from aqueous acetic acid and proved identical [m. p. and mixed 
m. p. 266-257" (decomp.)| with a specimen of the materia! obtained in (a) above (yield, 0-055 g.) 

Thyrowine Methyl Ether.—This compound was prepared from thyroxine methyl ester by treatment 
with diazomethane and hydrolysis (Loeser, U.S.P. 2.252.230). It had m. p. 224-225" (decomp 

3 5. Di-todo-4-p-methoryphenory-Di-phenylalanine —A mixture of 3: 5-dl-iodo-4-p-methoxyphenory- 
N-acetyl-t-phenylalanine ethy! ester (see Part V. /. 1949, 3424) (2 g.) and 2nx-sodium hydroxide 
solution (30 mi.) was heated under reflux for 24 hours. To the cooled solution, acetic acid was added 
whereupon a white solid was deposited. This was filtered off acd recrystallised from 50%, aqueous 
acetic acid, from which the paenylalanime separated as white prisms, m. p. 238—-239° (decomp.) (Found 
N,2-3. 1,469, C,,H,,O,NI, requires N, 26; 1, 47-1%) 

Thyronine Methyl Ether —(a) A solution of 3° 5-di-iodo-4-p-methoxyphenoxyphenylalanine (0-6 ¢.) 
in ethy! alcoho! (10 mi.) and 2n-sodiam bydroxide (10 m!) was shaken in hydrogen with palladised 
calcium carbonate (6 ¢.) until the uptake of hydrogen was complete. The filtered solution was 
acidified with acetic acid and, on storage, colourless needles of thyronine methyl ether separated and 
were crystallised from aqueous ethyl! alcohol. This ether had m. p. 248° (decomp.) (Found: C, 66-8 
H. 62; N, 50. C,,H,,O.N requires C, 66-9; H, 50: N, 40%) 

(6) A solution of thyroxine methy! ether (0-4 g) in ethy! alcohol (8 ml.) and 2~-sodium hydroxide 
(8 ml) was shaken in hydrogen with palladised calcium carbonate (0-5 ¢) until hydrogenolysis was 
complete, The solution was filtered and acidified with acetic acid: a white solid, m. p. 246° (decomp.) 
undepressed on admixture with a sample of thyronine methy! ether from {a) above, was precipitated 

lodination of 3: 5-Di-iodothyronine and Its Derivatives -—Thyrorine. To a stirred solution of 3: 5-di- 
todothyronine (2 g) in aqueous ethylamine solution (20 mil; 20%) a solution of iodine in potassium 
todide solution (8-2 ml Sin) was added dropwise After being stirred for ten minutes the mixture 
was acidifie! with glacial acetic acid. and the precipitated thyroxine was filtered off and redissolved in 
ethy! alcohol (20 mi.) and 2~x-sociam hydroxide solution (10 ml}. The hot solution was acidified with 
acetic gcid; the thyroxine separated as a microcrystalline powder (2-6 g.; 90%), m. p. 231—232° 
(decomp ) 

3° 5. Di-todo-N-acetylihyronine, To a solution of 3 5-di-iodothyronine methy! ester (1 ¢.) in anisole 
(30 mi), a solution of acetyl! chloride (0-072 ¢) in anisole (2 ml.) was added. Later the precipitate was 
filtered off and identified by m and mixed m. p. [227° (decomp.)), as 3: 5-di-iodothyronine methyl 
ester hydrochloride (0-54 g } The filtrate was evaporated to dryness in eacwo and the residue was 
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dissolved in ethy! alcohol (5 mi.) and »-sodrum bydroxide (5 m!.). After one hour x-hydrochiortc acid 
(5 ml.) and water (30 mi.) were added to te a white solid which was recrystallmed from 
acetic acid. It formed white prisms, a A — 2us* (035 ¢) (Found: C, 360; H, 265, N, 22; 
1. 448 C,,H,,O.NIL, requires C, 360; H, 27; N. 25; 1, 448%) 

3 5&-Di-10do-N-8-carboxypropionylihyronine. To « solution of 3 : 5-di-iodothyronine methy! ester 
(1 g.) im anisole (20 mi.) a solution of B-carbethox yi 
added. The precipitated 3 : 5-di-iodothyronine methyl ester hydrochioride was filtered off, 
filtrate was evaporated to dryness in vacuo. The residue was dissolved in ethy! alcohol (5 ml.) and 
~-sodium hydroxide (5 mil.). After one hour n-hydrochloric acid (5 ml.) was added and the solid 
filtered off. It was dissolved in alcoholic alkali, treated with charcoal, and reprecipitated with acid 
to give tiny white prisms of 3. 5-di-edo-N-f-carborypropionyithyronme (0-3 g.), m. p. 231-232" 
(decomp.) (Found: N, 2-2; 1, 41-2. C,.H,,O,N1, requires N, 2-2; I, 40-7%) 

Using the above method of iodination N-formy!-, N-acetyl-, and N-8-carboxypropionyl-thyroxine 
and 5-'3 : 5-di-iodo-4-(3 : 5-di-iodo-4-hydroxyphenoxy)benzy! hydantoin were prepared from the 
corresponding derivatives of 3: 5-di-iodothyronine and 5-(3 : 5-di-iodo-4-p-bydrox yphenoxybenzy!)- 
hydantom 

' Thyroxine methyl ester, Toa solution of 3 : 5-di-iodothyronine methyl ester (1g) in #-butylamine (10 
ml.) and methy! alcoho! (20 ml.) a solution of iodine (1 g.) in methyl alcobol (10 mi.) was added After 
one hour methanolic hydrogen chloride was added until the reaction solution was acid: dilution with 
water containing a little sodium acetate precipitated the crude ester which was extracted with methyl 
alcohol to give the pure compound (0-7 g.), m. p. and mixed m. p. 158". 


Our thanks are due to Mr. J, G. Waller for the solubility determinations 


Resgzarca Division, Graxo Laporatories, Lrp., 
GREENFORD, MippLesex (Received, December 10th, 1949.) 


170. Studies in Co-ordination Chemistry. Part I, Complexes of 
Quadrivalent Platinum with Tertiary Arsines. 
R. S. Nynoum, 


A series of octahedral complexes of quadrivalent platinum which have the general formula 
Pt(Hal),, 2AsR, have been prepared by using various halides and tertiary arsines. They are all 
very stable compounds which are difhcult to reduce. The complexes are more deeply coloured 
than their bivalent, planar analogues and are less soluble t these in organic solvents 
Intlerences in reactivity between c1s- and frans-isomers of these octahedral complexes similar 
to those shown by the bivalent square complexes have been observed. The properties of the 
compounds are discussed 


Tuts paper is the first of a series dealing with the complexes of metal salts with tertiary arsines 
It is proposed to investigate the properties of these complexes as a function of the valency state of 
the metal and of the anion present and to attempt the preparation of halogen-bridged complexes. 
Initially the investigation is confined to the elements of Group VIII. Tertiary arsines and 
phosphines show many properties as ligands which distinguish them from ammonia and amines; 
they have a very marked tendency to form non-ionic complexes which are freely soluble in 
organic solvents rather than salt-like substances which are formed so readily by ammonia. 
It is thus possible to apply a variety of techniques to the study of these compounds which 
cannot be used with ammines because of their insolubility in organic solvents. A detailed dis- 
cussion of these differences and an attempt to explain them with particular reference to the 
nature of the metal-arsenic bond will be given in a later communication. However, the com- 
plexes of the elements in many of their valency states with tertiary arsines have not been 
investigated, and as a first step the preparation of these and a study of their properties were 
considered desirable. 

Tertiary arsines have been used frequently for the stabilisation of lower-valency states, for 
which purposes their reducing properties are an advantage. In higher-valency states, however, 
any tendency towards dissociation of the complex might be expected to lead to decomposition, 
since the compound contains both an oxidising and a reducing agent combined. For instance, 
Mann and Purdie (/., 1940, 1235) observed that several of the complexes of tervalent gold with 
tnethy! phosphine were unstable on standing; triethy!phosphinetrichlorogold(I11), [AuwCl,,PEt,), 
for example, decomposed within a few days on standing at room temperature, even when kept 
in the dark, metallic gold being deposited. The tri-iodide decomposed within a few weeks but 
the tribromide was stable indefinitely. Although tertiary phosphines are as a rule stronger 
ligands than tertiary arsines, they are similar to them in many ways; thus both tend to form 
non-ionic complexes with metal salts of the same general type and both are strong reducing 
agents. 
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No complexes of quadrivalent platinum with tertiary arsines have been described previously. 
Of similar complexes with tertiary phosphines, Cahours and Ga! (Compt. rend., 1870, 70, 902) 
mentioned two platinic complexes with triethy!phosphine but no analyses were given. Also, 
Rosenheim and Lowenstamm (Z. anorg. Chem., 1903, 37, 400) prepared the compound 
PrCl, 2P(OC,H,), but no analyses were reported. 

All the platinic complexes described in this paper have the general formula Pt(Hal), 2AsR,, 
and where solubilities permitted the determination of molecular weights in freezing benzene or 
freezing bromoform they were monomeric. Al) were prepared by adding the appropriate 
amount of the required halogen dissolved in carbon tetrachloride to the planar four-covalent 
complex of bivalent platinum dissolved in chioroform or benzene. The solvent used was very 
important in many cases, for the chloride complexes were often obtained as difficultly crystallisable 
oils from solvents other than benzene. Complexes of triethyl-, triphenyl-, and diphenylmethbyl- 
arsine have been studied; the last has been found convenient for many other Group VIII 
metals but on occasions it led to the formation of isomeric mixtures. In all cases the platinic 
complexes were less soluble in organic solvents than the corresponding bivalent compounds 
from which they were derived. As with the bivalent complexes, solubility of the cis-bisarsine 
compounds was much less than that of the corresponding trans-isomers. For any given isomer 
the solubility decreased in the sequence chloride > bromide > iodide. As expected, the 
solubility of the bistriethylarsine complexes was much greater than that of the triphenyl or 
mixed aryl-alky! derivatives 

The complexes were all highly coloured, the colour deepening in passing from the bivalent 
to the quadrivalent state and also in passing from the chloride through the bromide to the iodide 
Where obtained, the cts-isomers were lighter in colour than the trans-isomers. The properties 
of a typical series are shown in the table 

Bivalent compounds 
Platinic complex Colour Colour. M. p 


eis PUCl, 2AsEt Pale yellow 2: White 142° 
trans. 1th i, 2Askt, Dark yellow bs Yellow 120 


trans Pt Sr, 2Askt, Scarlet Deep yellow 120 
trans-Ptl, 2Aakt, Purplish-black Orange wt 


Probably the most noteworthy property of the complexes was their stability on stand- 
ing and towards reducing agents. Only with the cis- and the #ans-form of the chloride 
PtCl, 2AsEt, was instability on standing observed; these two substances became oily after 
several months but the corresponding tetrabromide and fetraiodide were stable indefinitely 
Complexes of the other arsines showed no sign of decomposition after several months. On 
heating, the complexes melted without decomposition as a rule, in some cases above 200°. 
Unlike the triethyiphosphine-gold complexes, they could be boiled with alcohol or acetone with- 
out reduction taking place, Sulphur dioxide similarly did not cause reduction except in one or 
two cases. Thus, although the compounds PtCl,, 2AsMePh, and Ptl,,AsMePh, were not reduced 
by sulphur dioxide in chloroform solution, the complex trans-PtCl,1,,2AsMePh, was reduced in 
} hour by this means; the product was frans-Ptl, 2AsMePh,, the more electronegative halogen 
being removed. On the other hand, if one attempted to reduce the cts-dichloro-trans-di-iodo- 
compound, disproportionation to form the tetrachloro- and tetraiodo-compounds occurred 
without reduction taking place. Throughout the investigation it was observed that the mixed 
halogen compounds disproportionated very easily 

Towards most chemical reagents the frans-compounds were less reactive than the correspond- 
ing ¢ts-omers. For instance, an alcoholic solution of cs-PtCl,,2AsEt, reacted instantly with 
aqueous silver nitrate but the corresponding frans-complex gave no precipitate for some hours 
Similarly, the cis-compound reacted vigorously with concentrated sulphuric acid, an eflerveacence 
occurring with the evolution of hydrogen chloride; the ¢rans-compound dissolved to an orange 
solution which slowly charred. This difference in reactivity is similar to that observed for the 
ets- and frans-planar complexes of bivalent platinum 

Some interesting facts on cis-frans-isomerism were noticed. Jensen (Z. anorg. Chem., 
1936, 229, 225) observed that stability of cis-isomers of the type Pt(Hal),,2AsEt, increased in 
passing from the todide to the chloride; the cis-di-iodo-complexes had to be made indirectly 
and soon reverted to the ¢vanms-forms on heating. This behaviour has also been observed with the 
diphenyimethylarsine anologues; the iodide forms a complex which is readily soluble in benzene 
and is undoubtedly the trans-form, but the much less soluble cis-form is favoured by the chloride 
and bromide. The equilibrium between cis- and frans-forms appeared to be much affected by 
both solvent and temperature in the cases of the chloride and bromide, which made the prepar- 





(1950) Complexes of Quadrivalent Platinum with Tertiary Arsines. 845 


ation of pure isomers dificult. The tetrabromo- and tetrachloro-platinum complexes of this 
arsine favoured the cis-form. An interesting difference was observed between the stabilities 
of the cis- and the trans-form of PrCl,,2AsEt, and the corresponding tetrachlorides. The 
white cis-platinous complex required heating in solution for many days to convert it into the 
more soluble, yellow ‘vans-isomer. However, the corresponding cis-tetrachloro-complex formed 
a considerable amount of the darker yellow frans-isomer on being left in the sunlight for a few 
hours. In these circumstances the cis-platinous complex was stable indefinitely. It appears 
to be well established that the stability of the cs-forms, both of bivalent and of quadrivalent 
platinum, increases with increasing electronegativity of the attached halogen, but steric factors 
depending on the particular arsine used are also important. 

As expected for octahedrally co-ordinated quadrivalent complexes using d*sf* bonds, the 
complexes are diamagnetic and the specific susceptibility of the compound PtBr,,2AsMePh, (y = 
~O-41 x 10°) is of the order found by Asmussen (Doctorial Thesis, Copenhagen, 1941) for a 
large number of quadrivalent platinum complexes, 

Apart from two complexes involving the [PrC},)*~ ion, no salt-like complexes with tertiary 
arsines were isolated, and all attempts to obtain tertiary arsine complexes corresponding to 
ammines such as (Pt(NH,),CI)Cl, or [Pt(NH,),Cl,)Ci, were unsuccessful. Also, no halogen- 
bridged quadrivalent complexes were isolated. It is concluded from a study of these very stable 
complexes that combination of a tertiary arsine with a meta! in a high oxidation state does not 


lead to instability provided that strong covalent bonds are formed between the metal! and the 
arsenic atom. 


EXPERIMENTAL. 


Complexes of Triethylarsine.—Bivalent compounds. These were all prepared by Jensen's method 
(Z. anorg. Chem., 1936, 220, 225). The colour and m. p.s (Jensen's m. p.s in parentheses) were: cis- 
PtCl, 2AsEt,, white, m. p. 142° (142-—142-5") ; wans-PrCl, 2AsEt,. yellow, m. p. 110° (120-—121"); trans- 
Ptbr, 2AsEt,, deep yellow, m. p. 120° (120—121"); t@rans-Ptl, 2AsEt,, orange, m. p. 02° (04°). The 
yield of trans-PtCl, 2AsEt, was very much smaller than that of the ess-tsomer produced simultaneously. 
The cis- was converted into the #ans-form by refluxing in chioroform solution for several days, 
the isomersation being very slow 

Jensen (lec. cit.) assigned the cis- and trans-configurations to the above compounds on the basis of 
their electric dipole moments in benzene, that of the trans-forms being sero and that of the ots- being 
in the vicinity of 10 Debye units. He pointed out that the ¢rans-isomers differed from the ets- in several 


of their physical properties, and foremost amongst these were their colours and solubilities in benzene. 
The trans-forms were deeper in colour and were much more soluble in benzene than the cts-isomers 
Special consideration has been given to these pr —— in the assignment of the cts- or trens-conhgur- 
ation to the various platinous complexes descri 

Bistriethylar snetetrachlovoplaimum(1V). (i) trans-lsomer, trans-Bistriethylarsinedich latinum(I1) 
(1-1 g.), dissolved in cold chloroform (25 ml), was treated with gaseous chiorine until no further 
eons occurred. The solution became warm and changed colour from deep yellow to orange red 


The chloroform was then ew Le the pump at room temperature, and the orange residue tert eam 
oo alcohol, The comp btained as short, stumpy, dark yellow a m Dar * (Pound 

217 3 H, 46; Pt, 195; oscopic in 2-58% solution in benzene, 630. C,H, C1,As,Pt requires 
c 21-75; H, #5; Pr, 188%: , 661). It dissolved readily in benzene and other organic solvents 
except tae petroleum. An acetone solution gave no reaction with silver nitrate unless heated and left 
for some time. After many months’ standing the compound became oily 

(nt) cos-lsomer. ces-Bistriethylar hlo 4 (11) (1-2 g.), dissolved in chloroform (15 mil), 
was treated with gaseous chlorine as oan the solution becoming warm _ acquiring 4 bright yellow 
colour. After removal of the chloroform > gn room temperature at the p. the yellow residue was 
recrystallised from alcohol. The p bt as yellow “ty which formed a ——— 
istic mat; it was much lighter in colour thee | the frans-isomer and melted at 125° (Found 21.9; 
H, #7; Pt, 19-59%). It was moderately soluble in alcohol and acetone but practically insoluble in heal 
even when boiling. If heated under reflux for a long time with benzene it gradually dissolved to a 
yellow solution of the frans-isomer. This change also occurred on standing in light, a behaviour in 
marked contrast with that of the bivalent cis-compound which on standing | shows no tendency at all to 
change into the frans-isomer. An acetone solution gives an immediate copious precipitate with silver 
nitrate solution, a reaction in which it differs from trans-isomer. When treated with concentrated 
sulphuric acid, the cis-isomer reacted immediately with effervescence with the evolution of h 
—— when similarly treated, the érans-isomer dissolved to an orange solution and slow then 
took place 

trans-Histriethylarsinetetrabromoplatinum(1V). trans-Bistriethylarsinedibromoplatinum(I1) (1-40 
dissolved in benzene (15 ml.) ( Se with Leadastpane) ts exten cunaaea 
(4 ml.) and the solution im ee ae Oy ceerpetaitiastion teeat olechel vo t?0", The 
tures yrelded beautiful scarlet crystals m p by recrystallisation from 73°. The 
component crystallised as flat rhombs (Foend - Pt, 23-2; M, in 1:33% solution in benzene, 
775. CyH, Br, a re M, 639). 11 dissol in organic solvents, 
benzene and chloroform An acetone solution slowly precipitated chloride on treatment 

ver nitrate 

Se ee riethylarsinedi-iodoplati (11) (1-2 g.), die 

I 
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solved in chiereform (30 ml.), was treated with iodine (0-4 g.) dissolved in chloroform (40 mi), the light 
orange solution turmung to a dark wine-red colour, Alter evaporation of the chloroform at the pump, 
the residue was recrystallised from alcohol. The compound was obtained ae perplah black, flat rectangular 
crystals, m. p. 144° (Found: Pt, 189. C,,HyI,As,Pt requires Pt, 19-0%); it was readily soluble in 
benzene and chloroform to a red solution bet Tess soluble than either the chloride or the bromide 

Compleses of Inphenylarsne —ces- Bistriphenylarunedichioroplatinum (11) was according 
4 Jensen (lec. cst.). 1 decomposed above 300" on heating (Found: Pt, 224. Calc. ~pehiggCl As, Pt : 
Ma, 22-00%) 

trams ‘Bistriphenylarsinedichloroplatinum (11) was prepared from the cis-isomer by Jensen's method 
(lee. ett). He recommended refluxing in chloroform for 15 minutes, but in this experiment the cis- 
isomer (0-65 g ) was refluxed with chloroform (36 ml) for 14 hours, the almost colourless solution turning 
deep yellow Kemoval of the chloroform gave a compound slightly more yellow than the starts 
material. This was dissolved in benzene (0 mi) by refluxing, cooled, and treated with chlorine (0-05 g 
in carbon tetrachloride (2 mi). The solution became bright yellow and on concentration it afforded 
yellow crystals which can be recrystallised from benzene with difficulty in small quantities; m.p. 290° 
(Found: Pt, 2e7. C,H 1,As,Pt requires Pt, 20-60%). Owing to the low solubility of complexes of 
this teivachiovoarstne, no other complexes were prepared 

Compleres of Diphenylmethyarsne —-Lisdiphenyimethylarsimedichioroplainum(|1). This compound 
was isolated in two forms. one m an almost white, crystalline substance, m. p. 223°, practically insoluble 
in organic solvents, and the other is light yellow and slightly more soluble, and on heating softens 
first at 207° and then melts at 214°. On standing or heating, the form of m. p. 214° changes over into 
that of m. p. 223°, which & no doubt the cis-itsomer. Uniortunately, low solutmlity in cold benzene pre- 
vented confirmation of this by electric-dipole measurements. Burrows and Parker (/. Proc. Roy. Soe 
N.S W_, 1934, 68, 39) obtained these compounds, one as yellow prisms, m. p. 207° readily soluble in toluene, 
and the other as yellow needles, m. p. 218°, much less soluble in toluene 

Low-melting form. Diphenylmethylarsine (1-6 ¢.), dissolved in alcohol (50 mil.), was added to 
hexahydrated chioroplatinic acid (1-0 g.) dissalved in alcohol (150 ml), and the solution heated on the 
water bath for one hour. Yellow crystals began to form, and on cooling an almost quantitative vield 
(1-4 «.) was obtained (Pound; C, 41-3; H, 34: Cl, 03; Pt. 25-9. Cale. for C,,H,.CiAs, Pt: C, 41-3; 
H, 34, Cl, ®4; Pt, 268%). The compound was washed many times with alcohoi, recrystallisation 
being diffeult without change into the other form taking place. It was readily soluble in chioroform, 
fairly soluble in acetone but leas soluble in cold benzene, from which it crystallised as the other form 

High-meiting form. This preparation is commenced as for the other isomer but more concentrated 
solutions are weed. Diphenylmethylarsine (7 g.), dissolved in alcohol (250 mi), was added to hexa- 
hydrated hexachioroplatimic acid (5 g.) dissolved in alcohol (250 ml After a few seconds’ heating an 
orange-yellow precipitate —— which decomposed on further heating, forming a yellow, horny 
mass and a white powder he mixture was heated for about an bour, the mass being occasionally 


broken up, and was then filtered and the residue extracted with chloroform. Kemoval of chloroform 


from the almost colourless solution gave a white compound, m. p. 223°, which was less soluble than the 
other womer in all solvents (Pound. C, 41-4; H, 34, Pt, 25-89%) 

Two by-products were isolated during a study of the above reaction. When the arsine and chloro- 
vlatinic acid reacted in cold alcoholic solution, a yellow precipitate was obtained after about 20 seconds. 

his substance was insoluble in all solvents, and heating caused decomposition in all solvents tried 

The composition varied slightly (C, 302-396, H, 3-3-4; Cl, 13-6; Pt, 23-0-—24-7%), but agreed 
fairly well with [Pt(AsMePh,),)/PtCl,) which requires C, 39-5, H, 3-29; Cl, 13-65; Pt, 24-75% Its 
insolubility supports the above formulation and it may be similar to salts of the type [Pt(AsR,),! PtCl,) 
imeolated by Jensen using trialkylarsines. It is suggested that the platinichloride, rather than the 
platinochlonde, was formed here because reduction with diphenylmethylarsine proceeds more slowly than 
with trialkylarsines and the temporary co-existence of [Pt(AsK,),)** and (PtCl,)*~ ions is feasible. From 
the filtrate of this preparation large orange crystals were obtained after standing for 24 hours. These 
had m p. 224° (decomp) and were insoluble in all solvents. The compound was decomposed by heating 
with dilute sodium hydroxide solution. The analysis (Found: C, 34-4; H, 3-1; Cl, 23-8; Pt, 21-2%) 
suggests a formulation as the salt (HAsMePh,),{ PtCl,!, which requires C, 34-7; H, 3-12; Cl, 23-7; Pt, 
21-7%. This substance appears to be one of the few cases where addition of a proton to a tertiary 
arsine takes place 

Bisdsphenylimethylarsinedibromoplatinum(11).—Diphenylmethylarsine (1-5 g.), dissolved in alcohol 
(125 ml}, was added to a solution of sodium bromide (5 ¢.) in distilled water (25 ml.), and the solution 
added to hexabydrated chioroplatinic acid (1-0 g.) dissolved im alcohol (25 ml). The buff-coloured 
precipitate first formed gradually dissolved on heating on the water-bath and the solution lightened in 
colour The bright yellow crystals which were slowly precipitated were filtered off after about 2 hours 
and well washed with alcohol After recrystallisation from acetone the compound melted at 201° 
Found: C, 37-4: H. St, Pe, 23-1 Cale. for C,H, Br As, Pt: C, 37-0; H, 3-1; Pt, 23-1%) Burrows 
and Parker (/oc ett.) first described this compound and reported m. p. 196 It is only very shghtly 
soluble in cold benzene but dissolves on heating. the low solubility in benzene in comparison with that 
of the todide indicates that the compound ts almost certainly the cis-form 

Hisdiphenylmeth viarsimeds-todoplatimum( tL) Diphenyimethylarsine (1-5 g.) and potassium iodide 
5 ¢.), dissolved im a mixture of water (30 mi.) and alcoho! (150 ml), were added to hexahydrated hexa- 
chieroplatinic acid (1-1) g ) dissolved in alcohol (20 mi The pale pink precipitate which formed at once 
gradually darkened on heating on the water-bath and after about 3 hours was replaced by a pinkish- 
orange crystalline powder im a colourless solution. This precipitate was then filtered off, washed many 
times with aleohol, and recrystallised from benzene and hght petroleum; m. p. 229° (Found: C, 33-3; 
HL. 28, Pt. 26 Cy HI, As, Pt requires C, 33-3; H, 28; Pt, 208%). The compound dissolved very 
readily in chloroform and cold benzene and was fairly soluble in acetone. From its ready solubility in 
benzene it is undoubtedly the (rans-womer 

Bisdiphenyimethylarsinetetrachlovoe platinum (IN This compound had to be prepared in benzene 
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solution for it was obtained from chloroform -carbon tetrachloride as a low -meltng, Giiceltty exyctalinahie 
substance contaimmng solvent which was very dificult to remove. dichh 
platinum (11) (m. p. 223°) (0-76 g.) was dissolved in benzene (75 mi) by heating under sain, ond 
chiorine (0-075 g.) im carbon tetrachloride (10 ml.) was added to the warm solution. The light yellow 
soluton deepened in coker an6 char eamatehatabeges Gababeaeens the compound crystallised as 
deep yellow microcrystalline rods (0-6 g.) which were filtered off and washed with benzene, yey toy 
are only very slightly soluble. It may be recrystallised from benzene, the m. p. varyt eg 205° to 
215°, the lower m. p. form gradually increasing on standing (Found, for form of eS 374; 
H, 3-1; Pt, 23-0 ound, for form of m 215°: C, 37-8; H, Bt; CL 17-3; Pt, 2 hora LAs Pt 
requires C, 37-8; H, 31: Cl, 17-4; Pr, 23- . The substance appears to be an equilibrium mixture 
of cts- and frans-forms, but attempts to separate them were pot successful, Owing to the low solubility 
even in bromoform the molecular weaght —_— — be determined 

Liusdiphenylmethylar tetvat plate Bisdipheayimethylarsinedibromoplatinn mai U1) (m P 
201°) (3-05 ¢.), dissolved in chloroform (35 mah. was treated with bromine (¢-58 g.) dissolved in 
carbon tetrachloride (9 ml.) at room temperature. The yellow solution immediately became orange- 
red in colour and was concentrated at room temperature at the pump to about 10 ml Orange crystals 
of the fetrabrome-compound (3-1 g.) crystallised out, and were recrystallised from chloroform-carbon 
tetrachloride. The m. p. varied from 2i2” to 218", but after standing for some weeks the compound 
melted at 214° (Found: C, 31-4; H, 2-7; 7 193%). + nag ~~ ation melted at 227° (Found : 
C, 36: H, 29; Br, 319; Pt, 26. Ti, 31 cryoscopic ‘737%, solution im bromoform, 967 
CygH,, Br, As, Pt requires C, 31-1; H, 26 31. ®; Pr, 19-4% ; oa. 1003) and was more soluble in organic 
solvents, but heating, recrystalhisat d a gradual fall in the m. p. to that of the less 
soluble form. The compound (m. p 216°) is yo as in chloroform, sligh’ soluble in benzene, but 
practically insoluble in alcohol or acetone, and is quite insoluble im ether or light petroleum; it is too 
insoluble both tn freezing bromoform and in boiling benzene for the molecular weight to be determined 

The form of m. p. 227° is probably trans-, and the other an equilibriam mixture of cis- and frans- 


isomers 

Hisdi phenyl meth ylarsinetetrarodopiah (IV). Bisdiphenyimethylarsinedi-iodoplatinum(I1) (trans) 
(1-76 g.), dissolved in 9 (25 mi), was treated with iodine (0- “€) dissolved in chloroform- 
carbon tetrachloride (10 ml. ; : et eee thon became dark wine red 
in colour and glistening pnaptiae! -black crystals were precipitat The solution was concentrated to 
about 15 mi. at room temperatures at the pump, Sty py ge yy 
melted at 193° after recrystallisation from chloroform tetrachloride, The compound is 
fairly soluble in chloroform and bromoform but not aid soluble in og properties indicate 
that it is the trens-isomer (Found: C, 25-8; H, 24; 1, 42-6; Pt, 162% in ©-507% 
solution in bromoform, 1100. C,,H,,!,As,Pt bBo, ‘26-2; H, 22; rig Ty PL opie M, 1191). 

Bisdiphenylmethylarsinedichlorodsbromoplatinum( IV) Oxidation of cis-PtCl,, 2AsMePh, with bromine 














or of cis-PtBr, 2AsMePh, with chlorine gave the same product (m. p. and mixed m. p.): it may be 


pak equilbrium mixture 

The dibromo-compound (m. p. 291°) (0-84¢.) in chloroform (25 mi.) was treated with chlorine (0-071 ¢. 
in carbon tetrac lorie (5 mi.) and the vellow solution turned orange. Carbon tetrachloride (10 mil. 
was added, and the solution concentrated to half bulk, filtered from a small am wat of sticky material, 
and then evaporated to dryness, aad the residue was recrystallised from carbon tetrachloride <hioroform 
The compound was obtained as a microcrystalline powder, m. p. 293° (Found: C, 34-3; H, 29; Pt, 21-1 
C,,H,,Cl, Br, As, Pt requires C, 34-1; H, 2-8; Pt, 21-3%). It was also prepared by the action of bromine 
(0-09 g ) in carbon tetrachloride (1S mi.) on the chioro-compound (m_ p, 223°) (0-4 g ) dissolved in benzene 
(60 mi.) by heating. After evaporation of the bulk of the solvent, the orange complex was obtained ; 
m. p. 203°. Solubilities are low, suggesting that the two arsine groups are cis-, but the configuration 
of the halogens is unknown. 

Bisdiphenylmeth vlarsimedichlorodi-iodoplatinum((V). This compound was two methods. 
(a) Bisdiphenylmethylarsined)-iodoplatinum({1) (m. p. 229°, trans.) (1-0 ¢.) was disvol in chloroform 
(30 mi), and chlorine (0-142 ¢.) in carbon tetrachloride (10 ml.) added. The solution was kept cold 
and changed colour from pink to dark wine-red. Concentration at the pump at room temperature 
precipitated a brownish powder, m. p. 163°. The compound crystallised as brown rods; it was not 
recrystallised for fear of disproportionation 

(b) Bisdiphenylmethylarsinedichloroplatinam(II) (m. p. 214°) (0-75 g.) was dissolved in cold chioro- 
form (36 ml), and todine (0-25 ¢.) in carbon cctunaiinesie-dhheeitoren (10 mL; 1: 1) added) =The very 
pale yellow turned to a dark red colour, and evaporation at room temperature at the pump to a volume 
= 10 ml. precipitated light brown crystals of the required MTS) m. p. 163° (Foand : C, 31 2: H, 2-6; 

93. ¢ Hc L,1,As,Pt requires C, 30-9; H, 2-6; Pt, 10-3%) 

‘From its method of preparation this compound is clearly a trans-dichloro-trans-di-odobtsarsine 
complex Attempts to obtain an analytically pure specimen of the cis-dichloro-trans-di-iodo-complex 
were unsuccessful because disproportionation occurred so rapidly that the first fraction crystallising from 
the reaction mixture was contaminated with the tetraiodo-compound 

Reduction of Bisdiphenylmethylarsinedichlorodi-iodoplatinum(!V). The above trans-compound 
(0-5 @.), freshly prepared by the action of chlorine on the trans-di-iodo-compound, was dissolved in cold 
chloroform (25 ml.), and sulphur dioxide bubbled through the dark red solution. The colour faded 
during the first 15 minutes and after about an hour had become light orange, and was then uy 
unaltered. The solution was filtered, the chloroform removed at the pump, and the pinkish-brown 
resiive recrystallised twice from benzene and light petroleum ge needles being obtained, m. p. (and 
mixed m. p. with a pure specimen of frans-di-todo- compound) Attempts to reduce the. tetra- 
halogeno-compound by boiling with acetone, the method used t. 4K. and Purdie (loc. cit.) for the 
auric complexes, were not successful 

Bisdiphenyl meth ylarsinedibromod:s -iodoplatimum(1V). ey res ey ey me 
(m. p. 201°) (0-84 g.), dissolved in chloroform (30 ml.), was trea with iodine (0-25 g.) dissolved in 
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carbon tetrachioride-chioroform (30 ml.; |: 1} and the yellow orange solution immediately turned dark 
ted. Kemoval of mast of the solvent at room temperatures at the pump gave glistening black crystals 
which dieproportionated when attempts were made to carry out recrystailsation. The compound meits at 
185°, and from the analyses (Pound C, 27-6; H, 24; Pt, 17-6. C,,hylir,l, As, Pt requires C, 28-3; H, 
24; Pt, 17-68%) ap rm to contain traces of the tetraiodide. in view of their instability these 
complexes were aot further investigated. 


Sim Wiittam Ramsay anv Racrw Forsree Laporatonrizs, 
University Cottece, Lowpow [Recetwed, Nowember Tih, 1949.) 


171. Studies in Co-ordination Chemistry. Part Il. Trisarsine 
Complexes of Bivalent Platinum and Palladium. 


By R. 5S. Nywoum. 


The compounds Ptr, 3AsK, and Pdr, JAsR, (where Ask, is diphenylmethylarsine) have 
been isolated and their properties investigated. Although their solubilty in organic solvents 
suggested that they were non-ionic covalent complexes, it was found that they dissolved in 
these solvents with dissociation. Electrical-conductivity measurements in acetone solution 
on the palladium compound support the view that they are salts of the triammune type, 1.¢., 
(Pd Ask, ir)’ Bro. . 


DURING an investigation of the tertiary arsine complexes of metal salts, two new complexes of 
bivalent platinum and palladium have been isolated of a type not previously described, and their 
properties were carefully investigated because their behaviour at first suggested that they might 
be examples of five-covalency similar to that observed by Jensen and Nygaard (Acta Chem 
Scand., 1949, 8, 474) in the nickel compound Nibr,2PEt,. When preparing the compound 
PtBr,,.2AsMePh, by the action of diphenylmethylarsine on chloroplatinic acid in the presence 
of excess of sodium bromide, it was observed that excess of the arsine led to the formation of an 
orange crystalline compound of empirical formula PtBr,3AsMePh,. Further investigation 
showed that this orange compound could be obtained readily by heating the bisarsine compound 
(PtBr,, 2AsMePh,) with excess of arsine in alcohol solution under reflux, the trisarsine compound 
crystallising out on cooling. This complex dissolved readily in chloroform or benzene on 
shakirg and was fairly soluble in acetone and warm alcohol. From the alcoholic solution the 
bisarsine compound was precipitated on cooling unless excess of arsine was present. The 
trisarsine compound melted at 151° as compared with 201° for the yellow bisarsine complex. 

The corresponding palladium compound was prepared in a similar manner, starting with the 
orange compound Pdbr,,2AsMePh, and using a greater excess of arsine. Conditions were found 
to be more critical than in the case of the platinum compound, for the trisarsine complex 
dissociated very readily. It forms almost black crystals which melt at 109°, the colour changing 
to light orange; the bisarsine complex melts at 178°. The trisarsine compound dissolved very 
readily in organic solvents such as acetone, benzene, and chloroform, and was fairly soluble in 
alcohol, the black crystals giving an orange solution 

The molecular weights of both of these compounds were measured in a variety of solvents, 
benzene, bromoform, ethylene dibromide, and acetone being used ; in the first three the determin- 
ations were cryoscopic, in the last ebullioscopic. In every case a molecular weight corresponding 
to half of the formula weight MBr,3AsMePh, (M Pd or Pt) was observed because the 
compounds dissociated into one molecule each of arsine and the bisarsine compound; from 
benzene solution the bisarsine complexes were precipitated at the freezing point. 

There are four obvious ways in which these compounds might be formulated: (a) as a 
molecular (lattice) compound of arsine and the bisarsine complex; (5) as a bridged complex of 
two octahedrally co-ordinated bivalent metal atoms, requiring a molecular formula 
(MBr,, 3AsMePh,),; (c) as a salt of the type (M(AsR,), Br)’ Br~ ; (d) as a five-covalent complex in 
which the extra molecule of arsine forms a very weak bond to the metal atom by using the 
remaining 5p or 6p orbital. Since a solution of the compound shows some properties different 
from those expected of a mixture of its constituents, (a) is excluded; (5) is readily disposed of 
since neither molecular weight nor solubility lends any support, and in any case six-covalent 
complexes of bivalent palladium and platinum are very rare. Solubility in organic solvents and 
low melting point and the fact that such a complex should dissociate readily lent some support 
to (d), but the salt-like structure (c) has been finally accepted from studies on the conductivity 
of the palladium complex in acetone. The higher solubility of the palladium compound, 
particularly at low temperatures, made it preferable to the platinum complex for this purpose. 
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A solution of the palladium trisarsine complex in acetone has a very light orange colour at 
26°, and is only very slightly darker than a solution of the bisarsine compound at the same 
concentration (M/100). When a solution of the bisarsine complex is cooled there is no perceptible 
change in colour but the trisarsine solution gradually deepens in colour as the temperature is 
reduced below — 25°, and at about — 78° the colour is deep red. As the trisarsine complex in 
the solid state is black with a red streak, it is reasonable to assume that recombination of the 
bisarsine complex and arsine to form the complex isolated in the solid state has taken place. 
This colour change is also observed if one cools 
sumilarly a mixture of free arsine and the bisarsine 
compound or a benzene solution of these two 
substances; the dark reddish-black mixture which 
ts observed at low temperatures becomes orange 
again on warming to room temperatures. The 
great case with which temperature caused dissoci- 
ation, together with other properties mentioned 
above, led to the possibility of a weak covalent 
bond between the arsine and the metal. Con- 
ductivity measurements, however, show that at 
low temperatures an electrolyte is being formed. 
In the figure are shown the molecular conduc- 
tivities of m /100-solutions of the bisarsine and the 
trisarsine complex in acetone at various tem- 
peratures, /100-lithium bromide having been 
measured for comparison. Although for both 
lithium bromide and the bisarsine complex there 
is the expected decrease in conductivity as the 0 . . , 
temperature falls over the 100° range, yet the tris- ‘ Oo 06-25° -50° -75" 
arsine complex shows a remarkable rise in con- Temperature. 
ductivity below 0°. This increase in conductivity Pp « 
parallels the deepening in colour which occurs at By a 100-Pabe dAaMoPh 
the same temperature. No significance is attached 111. /100-LiBr 
to the actual conductance of PdBr,,2AsMePh,, (AU in acetone.) 
and PdBr,,3AsMePh, at 25°, it being due, no 
doubt, to traces of impurity or partia] solvolysis; at — 78°, however, it is clear that the 
amount of salt formation is more than sufficient to balance the natural decrease due to the 
fallin temperature. The amount of salt formation at — 78° is still relatively small as judged by 
comparison with lithium bromide at the same temperature. One may conveniently represent 
the changes which take place when the trisarsine compound dissolves as follows : 
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Acetone 
(Pd(AsR,),Br)}*(Br)> ——————>  PdBr, 2AsR, + AsR, [Pd(AsR,),Br)* + Be~ 
Reddish-black crystals Light orange solution i Dark red solution 
(room temperatures) aes (—~78*) 


One originally confusing observation was the fact that it was found possible to dissolve in 
benzene a higher molar concentration of the platinum trisarsine complex than of the bisarsine 
complex alone; this appeared especially unusual since all measurements showed that the 
trisarsine complex immediately dissociated into the bisarsine complex and arsine. However, 
the presence of arsine may enhance the solubility to some extent, but of greater importance is the 
probable formation of the ‘vans-bisarsine complex initially on dissociation. This is much more 
soluble than the cis-form but the latter is gradually produced on standing. The yellow bisarsine 
compound used in the preparation is only slightly soluble in benzene at room temperatures and 
is hence undoubtedly the cis-isomer. 

These compounds appear to be the first known examples of salts of the triammine type 
formed by tertiary arsines or phosphines with bivalent platinum or palladium. These ligands, 
unlike ammonia, have a great tendency to form non-ionic complexes but some salt-like 
compounds have been obtained; Jensen (Z. anorg. Chem., 1936, 229, 225) described salts of the 
type [Pt(PR,),)Cl, and [Pt(PR,),)[PtCl,) which passed over into the monomeric covalent com- 
plexes PrCl,, 2PR, on heating in organic solvents but no evidence of a trisarsine or trisphosphine 
complex was obtained. Morgan and Yearsley (/., 1925, 127, 184) have described complexes of 











wiimae 


OPEN DIARIES eB LEY AL BE IIS te, ath 


8) Nyholm: Studies in Co-ordination Chemistry. Part II. 


trialkyletibines similar to those isolated by Jensen. It is noteworthy that the iodide and 
bromide corresponding to the compounds described in this paper could not be obtained, and 
attempts to use trialkylarsines were unsuccessful; triphenylarsine also gave no trisarsine 
complex. Phenyidimethylarsine may be used instead of diphenylmethylarsine but the complexes 
are unsuitable for study because the arsine is very readily oxidised in air. The isolation of the 
compounds described in this paper must be ascribed to peculiarly favourable conditions of 
solubility not found with the other arsines or anions. 

Like all bivalent complexes of palladium and platinum which have been measured, these 
trisarsine compounds are diamagnetic. 


EXPERIMENTAL. 


Biisdsphenylmethylarconedibromopaliadium( 11) — Anhydrous palladous chlonde (0-66 g.), dissolved in 
distilled water (33 ml.) containing a few drops of l0s-hydrochloric acid, was treated with sodium bromide 
(10 @.) in water (30 ml.) and diphenyimethylarsine (1-45 g.) in alcohol (150 ml.), and the solution heated 
on the water-bath. The initial yellow precipitate slowly redissolved on heating to form a reddish 
solution. After about § hour an orange a itate gradually formed which was filtered off (2-1 ¢ ) after 
several hours’ heating on the water-bath ~~ cold aqueous alcohol and one = water, and 
recrystallised from aloohol; m 178 (Found C, 41-2, H, 34; Pd, 140 Pd requires 
C, 41-3, H, 34; Pad, 141%) compound crystallises as sparkling orange pg mar y soluble in 
chloroform or benzene, fairly soluble in acetone, but only slightly soluble in cold alcohol. Like all 
@milar buartine compounds of palladium it is undoubtedly the trans-isomer 

Trisdiphenylmethylarsinemonobromopalladium(|1) Monobromide —The foregoing compound (0-34 g.) 
was treated with diphenylmethylarsine (3-0 g.) in aleohol (40 ml.) and heated to boiling. All dissolved to 
an orange solution, but on cooling, the original bisarsine complex crystallised out. (It is necessary to 
get concentrations just correct, otherwise the trisarsine comple« is not obtained.) The solution was 
again heated to boiling and about 30 mi. of alcohol were removed by boiling, and on cooling slowly, dark 
brownish-red, almost black crystals were obtained. Formation of these crystals was hastened if the 
cold solution was carefully seeded with a crystal of the pure compound. The complex was filtered off 
after the solution had been kept for 24 hours and washed several times with cold alcohol, in which it is 
slightly soluble After drying in a vacuum desiccator the compound was obtained as black crystals with 
a reddish streak (Pound: C, 47-2; H, 3-05; Pd, 11-06%; M (cryoscopic), in bromoform (0-404%), 452; 
in ethylene dibromide (0-8393%), 477. C,,H,,Hr,As,Pd requires C, 47-4; H, 40; Pd, 10-99%; M, 1003). 
It dissolved ngpren A in most organic solvents except light petroleum and was quite insoluble in water. 
On heater ¢ compound melts at 100°, the colour changing instantly from black to orange. 

Bissiphoaphacthe tarsimadibremnaptetinnmt tt) This compound, m. p. 201°, prepared as in Part I 
(preceding pa 7a was recrystallised twice before use from acetone (Found: C, 37-5; H, 3-1; Pt, 23-1. 
ak for Cyl, Br Pt; C, 370; H, St; Pt, 231%). 

Frietipkoulentiaolar ar sinemonobromoplatimwum | II) Monobromide.—-The foregoing compound (4-0 g.) 
was heated under reflux with diphenylmethylarsine (5 ¢.) dissolved in alcohol (200 ml.) for about 15 
minates. Practically all the bisarsine complex had then dissolved, the solution becoming orange. The 
solution was filtered hot, and on cooling, orange crystals of the frisarsine ompuess were der Be 
These were filtered off and washed many times with alcohol; yield, 407 g. [Found , 43-0 
148, Pt, 179%: M, in bromoform (cryoscopic), 6-875% soltn., 567, 1.45% aie 587; in ethylene 
dibromide (cryoscopic), 121% soin., 548; in acetone (ebullioscopic), 181% soln., 541; 3-70% soln., 
560; in benzene * leryoscapt , 160% soln, 485; 164% soln. 478. C,H, fr, As, Pt requires C, 43-0; 
H, 3-6; Br, 14-7, Pt, 17-04%; M, 1087). The compound melts sharply at 151° if heated fairly rapidly. 
the colour changing on fusion from orange to yellow When cooled, the orange colour returns but the 
m. p. is then 2-3” lower, indicating that dissociation products are present. The compound is quite 
insoluble in water, practically insoluble in cold alcohol, but moderately soluble in acetone. An acetone 
solution slowly deposits yellow crystals of the bisarsine compound unless excess of arsine is added. On 
shaking, the compound dissolves fairly readily in benzene, chloroform, bromoform, and ethylene 
dibromide, but it is quite insoluble in hght petroleum Although an acetone solution reacts immediately 
with silver nitrate solution, this is not taken as significant, for the bisarsine complex also reacts 
immediately with miver nitrate 

Magnetic susceptiiniity, This was measured in powder form and the compound was found to be 
diamagnetic with a specific susceptibility yuse-s. 046 « lo 

Electrical comductiotty. These measurements were carried out in a pipette-type cell of volume about 
16 mi. The cell constant (60-0508 cm“) was determined at 25° with m/100-potassium chloride. It was 
not re-determined at lower temperatures because only comparative values of conductivity were required 
The acetone used was A.R., which was distilled over potassium permanganate, dried (Mg(ClO,),), and 
fractionated. The specific conductivity («) was 21 x 10, 1-75 x 10, and 7-3 x 10-* mho/em.® at 
25°, O°, and —78", respectively. The PdBir, 2AsMePh, and PdBr, 3AsMePh, were recrystallised twice 
before use and dried in a vacuum desiccator, The loo solutions were made up at 25°. After measure- 
ment of the conductivity of a solution at 25°, the cell was placed in a bath of distilled water and ice, and 
the conductivity measured at 0". The cell was then placed in a long Dewar flask containing alcohol and 
solid carbon diexide, the flask being stoppered to prevent the entry of moisture. Throughout all 
Measurements the temperature was checked with a toluene thermometer which remained constant to 
within |" of — 78° 


* The results in benzene are unreliable because the bisarsine compound crystallised out after about 
two determinations of the freezing point, the solution is supersaturated and this probably explains the 


larger depression 
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172. Studies in Co-ordination Chemistry. Part III. Complexes of 
Iron with a Ditertiary Arsine. 
By K. S. Nymoim. 


Complexes of fernc and ferrous halides with the chelating group o-phenylenebisdimethy!- 
armne have been prepared and studied. Ferric chioride and bromude give rise to highly coloured 
salt-hke compounds in which the univalent cation contains two halogen atoms and two 
molecules of the chelate group bound to the iron atom. The anion may be a halide ion or the 
ions [FeCl,)~ of (PeBr,)~ tetrabromoferrate ton ts converted readily into the bromide ion 
by treatment with water in acetone solution. Magnetic measurements have established that 
the cation has an effective magnetic moment which corresponds to one unpaired gy - 
it is concluded that the bonds - the iron are covalent, yee | an octaheral cc 


anions (FeCl,)~ and [FeBr,)~ netic Moment corr ing to five unpair sired - oh - is 
observed and in these ions the binding is thas ionic - perchlorates have been prepared, 
and studies of their magnetic susceptibility support the above conclusions. When treated 
with tocides, the chloride complex is reduced to a diamagnetic ferrous compound which is 
formulated as a non-ionic octahedral complex with covalent bonds. The corresponding 
diamagnetic ferrous bromide and ferrous thiocyanate complexes have been prepared and 
studied. The implications of the magnetic measurements are discussed. Attempts to 
isolate halewen-bridged octahedral complexes were unsuccessful 


Tus complexes of iron halides with a ditertiary arsine have been studied as part of an 
investigation of Group VIII elements in various valency states with tertiary arsines. The 
chelating group o~phenylenebisdimethylarsine was chosen for this investigation for two reasons, 
Earlier investigations using diphenylmethylarsine had yielded complexes of ferric chloride 
which dissociated so readily in solution that it was possible only to speculate as to their 
structure (Nyholm, ]. Proc. Roy. Soc. N.S.W., 1944, 78, 229) and a much more powerful ligand 
was needed. Jensen (Z. anorg. Chem., 1936, 229, 282) has reported that triethy!phosphine, a 
stronger ligand than triethylarsine as a rule, does not co-ordinate with ferrous iron, and for this 
investigation the chelating group used was chosen because Chatt and Mann (/., 1939, 1622) 
had shown that it forms very strong bonds, at least with bivalent palladium; it was also chosen 
in an attempt to isolate halogen-bridged complexes of ferric iron. 


CH, 
AsMe, 


AsMe, 
Il 


Ferric chloride in the solid state has a layer structure with the ferric atom surrounded 
octahedrally by six chlorine atoms (Wooster, Z. Krist., 1932, 88, 35) but it sublimes readily at 
285°, and below 440° its vapour pressure corresponds to the formula Fe,Cl,. In organic solvents 
like ether, alcohol, acetone, and pyridine, ferric chloride is monomeric but there is evidence for 
dimerisation in solvents like carbon disulphide, chloroform, and benzene (Wells, “ Structaral 
Inorganic Chemistry,’’ Oxford, 1945, p. 139). These results have led to the general aceptance 
of a halogen bridge structure (I) for this dimer. The properties of ferric chloride make it 
inconvement for a study of the properties of the bridge because of the ease with which it ander- 
goes hydrolysis, but it was hoped that by using a chelate group the bridge could be stabilised 
with the formation of an octahedral complex as in (III). Tertiary arsines, and tertiary 
phosphines, are specially convenient for investigations of this nature, for their complexes are 
usucily soluble in organic solvents and so permit of determination of molecular weights; 
furthermore, these ligands have not the troublesome consequences which often arise from the 
basic nature of ammonia and amines. 


When the diarsine (il) reacts with anhydrous ferric chloride dissolved in alcohol or benzene 
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a red colour immediately develops and a crimson precipitate is obtained. The presence of a 
little water does not affect the reaction, which is very sensitive, the red colour being formed 
with only traces of ferric chloride, and under the right conditions precipitation of the ferric iron 
is almost quantitative. The compownd has the empirical formala FeCl,,C,H,(AsMe,),; it melts 
at 219°, and dissolves readily in nitromethane, acetone, and nitrobenzene. The molecular 
weight was determined ebullioscopically in acetone and cryoscopically in nitrobenzene and 
some association was observed, « in the formula (FeCl,,C,H,(AsMe,),\, being found to vary 
between I'l and 1-4 according to the solvent and the concentration. The compound is stable 
in air and does not react with moiwture unless dissolved in acetone and treated with a fairly 
large amount of water, whereupon hydrolysis takes place. The corresponding bromide has 
been prepared and has a deep chocolate-brown colour; it melts at 200° and has properties 
similar to those of the chloride except that it is very much less stable to water, which converts 
it very readily into the green salt (FeBr, 2C,H,(AsMe,),)* Br~. The facts that both the 
chloride and the bromide melted and dissolved in certain organic solvents at first seemed to 
exclude a salt-like structure, and a bridged structure (111) seemed likely since dissociation of 
halogen bridges in the solvents used for the molecular weights is not uncommon. However, 
it was not possible to split the bridge with such co-ordinating groups as pyridine, triethyl- 
arsine, or p-toluidine, and the magnetic measurements were difficult to interpret on such a 
hypothesis, 

Magnetic-susceptibility measurements showed that both the chloride and the bromide were 
strongly paramagnetic, with an effective magnetic moment of about 4°6 Bohr magnetons both 
in the solid state and in acetone solution. This value would correspond to between three and 
four unpaired electrons if it is assumed that the whole of the moment may be attributed to 
spin alone. Pauling (' Nature of the Chemical Bond,” N.Y., 1945, 2nd edition, p. 115) 
predicts that a moment of 1°73 B.M. should be found for octahedral covalent complexes of 
ferric iron using d*sp* bonds, owing to the presence of one unpaired electron in the 3d shell; an 
example of this type of complex is potassium ferricyanide, for which the moment of 2°33 B.M 
has been reported, the larger value being accounted for by orbital contribution. On the other 
hand, ionic complexes of ferric iron have a predicted magnetic moment of 5°92 B.M. due to the 
presence of five unpaired electrons; an example of this type of complex is the salt (NH,),FeF, 
for which a moment of 50 B.M. has been reported. In Table I are shown the electronic 


Taste I 
Calculated magnetic moments for various types of tron complexes 


Electronic arrangement Calculated © 
— a —o mag netic 
Complex bd ‘ f moment (g) 


Ferric covalent octahedral (d*sp* bonds 1-73 


Ferric ionic, octahedral or tetrahedral id | 5-92 


Ferric covalent planar (dsp* bonds 3-88 


Ferrous covalent octahedral (d*sp* bonds 
Ferrous ionic, octahedral or tetrahedral 
Ferrous covalent planar (d«p* bonds) 2-83 


* These values are calculated on the assumption that the whole of the moment is due to spin 
alone. Usually, there is a small orbital contribution which increases these values slightly; its effect 
is most marked with the lower values. 


arrangements and calculated magnetic moments for various types of ferrous and ferric 
complexes, The most unusual value of 4°6 B.M. for the complexes described above would be 
found in compounds in which both covalent and ionic binding were present, and with this idea 
in mind alternative methods for formulating these complexes were examined. 

If it be assumed that the compounds are salts, the formula [Fe{C,H,(AsMe,),},)(FeCl,] and 
[Fe{C,H,(AsMe,),},Cl,)(FeCl,) are possibilities. The former would contain the most unlikely 
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square co-ordinated ferric iron, the cation having three and the anion five unpaired electrons 
(see Table 1). The second formula, however, contains one octahedrally co-ordinated ferric 
atom, which would contain one unpaired electron if covalent bonds are present, and one ferric 
atom in which five unpaired electrons are expected; it will be shown that the susceptibility 
found is almost exactly that calculated for the second formula. This structure has also been 
confirmed by the preparation of the perchlorate of the cation. When an acetone solution of the 
chloride is treated with perchloric acid, s red precipitate is immediately formed, which has the 
formula {Pe{C,H,(AsMe,),},Cl,.(ClO,). This compound has a magnetic moment of 2°34 B.M., 
which indicates one unpaired electron if due allowance is made for the orbital contribution, and 
shows that the cation is an octahedrally co-ordinated: complex of ferric iron with covalent 
bonds. The magnetic susceptibilities of the various compounds are shown in Table I 


Taste Il. 
Experimental magnetic susceptibilities of won compleres 
xm x lot Magnetic 
m * lot Dramagnetic corr. for moment (pg) 
Compound (20°). correction diamagnetisom. per Fe atom. 
. [Fe(Diarsine),Cl,)(FeCl, 16,950 17,470 4-55 
. [Fe(Diarsine),Cl,) CIO,) 1,860 2.320 2-34 
'Fe(Diarsine),Cl,)* 1,890 2,320 
Fe€t,!~ (from (1)~(3) 15.060 15,150 5-08 
Fe( Diarsine), Br, )(Febtr,) 17,100 17,700 457 


(The diamagnetic corrections used in this table were taken from Selwood, “ Magnetochemistry,” 
N.Y., 1943, p. 52) 


By subtracting the susceptibility of the chlorate ion from the susceptibility of the salt (2) 
(Table I1), we obtain the susceptibility of the [Fe{Diarsine),Cl,)* cation. If this value be then 
subtracted from the susceptibility of the compound (1) we obtain the susceptibility of the 
{FeCl,)~ ion and the magnetic moment calculated from this (u « 598 B.M.) is in good agreement 
with that calculated for ferric iron with ionic bonds (ug =— 5°92). 

The behaviour of the ferric bromide complex (5) with water is readily explained from a 
consideration of its structure, for the first step one would expect is hydrolysis of the [FeBr,)~ 
ion; the product, [Fe(Diarsine),Br,| Br, can be isolated because of its fairly low solubility in 
aqueous acetone. The corresponding chloride complex could not be isolated. The addition 
of a considerable amount of water to an acetone solution of the chloride (1) caused no change 
in colour or any immediate precipitate, although on long standing a brownish precipitate 
consisting chiefly of ferric hydroxide was obtained, which indicated complete breakdown of the 
compound. It is quite possible that the compound [Fe(Diarsine),Ci,)C! is too soluble to be 
isolated under the conditions employed. The solubility of a salt like [Fe(Diarsine),Cl,)[FeC!,) in 
acetone, nitrobenzene, and nitromethane is explained by the high dielectric constants of these 
iquids; in spite of the large organic molecules which go to make up their structure, these 
compounds are quite insoluble in benzene and chloroform, and their solubility in such good 
ionising solvents as those mentioned above must be taken as a significant indication of their 
structure. The molecular weights which are found in nitrobenzene and acetone show that the 
molecules are largely ionised in these solvents. 

The failure to obtain a stabilised halogen-bridge complex with this diarsine chelating group 
seems to indicate that such octahedral bridged complexes must be most unstable. The 
conditions used appeared most favourable for the formation of such a compound; if ferric 
chloride exists in benzene as a halogen-bridged molecule, then addition of the chelate might be 
expected to give the bridged octahedral complex readily, since addition of the diarsine would 
merely involve increasing the co-ordination number of the ferric atom from four to six without 
affecting the bridge. 

Attempts to isolate the ferric iodide salts resulted in the formation of a non-ionic complex of 
ferrous iron. The reaction between ferric iodide and the diarsine cannot be carried out directly 
owing to the instability of the former, so replacement of the chlorine from the compound 
{Fe(Diarsine),Cl,)}(FeCl,) by the addition of lithium iodide in acetone solution was attempted. 
The dark solution quickly precipitated a yellow compound of empirical! formula Fe(Diarsine),I, 
which was slightly soluble in acetone and chloroform, but solubilities were too low to enable one 
to carry out a molecular-weight determination, Since the compound is found to be diamagnetic, 
formulation as a planar four-covalent salt of the type [Fe(Diarsine),)’* I~, is clearly excluded 
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because the use of dep* bonds would require the presence of two unpaired electrons, making the 
compound paramagnetic (see Table 1). The compound is thus a six-covalent non-ionic octa- 
hedral complex of ferrous iron with d*sp* bonds (1V). This com- 
pound is one of the few examples known of diamagnetic, octahedral, 
non-ionic ferrous complexes; salt-like diamagnetic complexes of 
ferrous iron included the well-known red tris-o-phenanthroline 
and trisdipyridy! compounds. This compound appears to arise 
from the self-oxidation and -reduction of the unstable salt 
[Fe(Diarsine),I,)" I>, for the solution at first turns black on 
treatment with lithiam iodide and then lightens and precipitates 
the ferrous complex. This black colour is also observed when a 
suspension of (Fe(Diarsine),!,) in alcohol is treated with iodine; a 
black precipitate is formed but the compound decomposed during 
attempts at its isolation. The ferrous complex may also be prepared by shaking together 
ferrous iodide and the diarsine in aqueous-alcoholic solution, the yellow ferrous iodide 
complex being quickly precipitated. The corresponding ferrous bromide complex may be 
prepared in a similar way and is also diamagnetic. When treated with bromine water, the 
ferrous bromide complex turns green immediately, with formation of the ferric salt 
|Fe(Diarsine),Br,)* Br-. The corresponding ferrous chloride complex was not isolated, but 
on shaking together a mixture of ferrous chloride and the diarsine in aqueous alcohol an 
immediate red colour was observed, and in the presence of air a copious precipitate of 
the ferric compound [Fe(Diarsine),Cl,)(FeCl,) was formed in a short time. In attempts 
to prepare a ferric thiocyanate complex the ferrous compound (Fe(Diarsine),(CNS),” was 
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isolated and, like the bromide and iodide, this compound is also diamagnetic and clearly an 
octahedra! covalent complex. As with the iodide, reduction took place, and this is not difficult 
to understand in view of the oxidation potentials of the halogens; the oxidation potential 
for the reaction 2CNS~ ——» (CNS), (+ 0°77 v.) is much less than that for the reaction 2Br- —-> 
Br, (+ 1°07 v.) and not much more than that for the reaction 21- ——> I, (+053 v.). Thus 
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the order of stability to oxidation of the ferrous complexes is iodide > thiocyanate > bromide > 
chloride, which is the order of increasing oxidation potentials of the halogens. 

In Table III are shown the relationships between the various complexes of ferrous and 
ferric iron. In all cases the two halogen atoms are shown as frans- for convenience; this is 
probably the case but no attempt has been made to prove it. 


EXPERIMENTAL. 


o- Phenylenebisdimeth ylarsine.—This was prepared by the method of Chatt and Mann (/., 1939, 610). 
From o-nitroaniline (414 g.) after the six steps oe of 22-6 g. of the diarsine, b. p. 157° /14 mm, was 
obtained (Found: C, 42-2; H, 54. Cale tor C,H,,As, . 420; H, 56%) as a colourless of! of 
unpleasant odour; it was kept sealed. Unlike the trialkylarsines, it is not readily oxidised in air and is 
more stable to air than phenyidimethylarsine 

Dichlorod:-(o-phenylenebisdimethylarsime)won(111) Tetrachlorofervate.-Anhydrows ferre chloride 
(1-7 g.) was dissolved in purified spirit (75 ml), and the solution filtered from traces of umpurity aad 
added with stirring to o-phenylenebisdimethylarsine (2-0 g.) dissolved in purified spirit (80 mi). A 
crimson precipitate was immediately formed which was allowed to settle for about five minutes then 
filtered off and well washed with purified spirit, in which it was only very slightly soluble. An almost 
quantitative yield (4-6 g.) was obtained (Found: C, 266; H, 3-7; Cl, 23-5; Fe, 126%; M (cryoscopic) 
in 2.55% solution in nitrobenzene, 490 ; (ebulhoscopic) in 2-76% solution in acetone, 536; in 3-87 
solution in acetone, 637. C,H,,C1,As,Fe, requires C, 26-76; H, 3-6; Cl, 23-7; Fe, wane M, 897), 
m. p. 219° (decomp.). The compound was recrystallised from acetone-light petroleum t dissolved 
readily in acetone, nitrobenzene, and nitromethane, was slightly soluble in alcohol and ethy! acetate, 
but completely insoluble in benzene, chloroform, ether, dioxan, and water. The compound was quite 
unafiected by water at room temperature. It could be prepared conveniently, also, by mixing solutions 
of the diarsine and ferric chloride dissolved in benzene, the crimson apitate appearing immediately 
The complex was stable indefinitely in air and no smell of arsine deve after many months’ exposure 
to the atmosphere. Treatment of an acetone solution with silver nitrate solution caused decomposition 
of the compound, silver chloride being at once precipitated, and the colour changing from red to a deep 
blue which faded in about 4 hour. The substance responsible for this blue colour was not identified 
because of the rapid decomposition. When the acetone solution of the complex was treated with | mol 
of pyridine, p-toluidine, or triethylarsine per tron atom there was no change in colour and the complex 
could be recovered unchanged by concentrating the solution. An acetone solution was not reduced 
by sulphur dioxde, but addition of perchloric acid to it gave an immediate precipitate of the perchlorate 
(see below). 

Magnetic susceptibility, Magnetic susceptibilities were measured by the Gouy method on the magnet 
described by Baddar, Hilal, and Sugden (/., 1949, 132). (a) The data for the powdered compound at 
20° are in Table II; at 18-6", y = 18-8 x 10°*, whence, after correction as before, ~ = 4-52; at 28-5°, 
x ~ 184 & 10", whence, after correction, » «~ 455 

(b) In acetone solution (m/25); at 23-8", y « 19-7 x 10°, yy = 17,600 x 10°, and after correction, 
mean p =~ 461; at 25-2", y 20-0 x 10°, ys = 18,000 = lu, and after correction, mean » ~ 4-71 

Dabromodi-(o- phenylenetisdimethylarsime)ivom( 111) Tetrabromoferrate _o-Phenylenebisdimeth ylarsine 
(1-6 g.), dissolved in aleohol (100 mi.), was slowly added with rapid stirring to a freshly filtered solution of 
anhydrous ferric bromide (5 g.) dissolved in alcohol (30 mi). (The ferric bromide was present in 
considerable excess and the order of addition given was followed to minimise formation of the green 
compound [Felir, 2C,H,(AsMe,), Br described w.) A brown precipitate was formed immediately, 
and this was filtered off and washed many times with alcohol to remove excess of ferric bromide and 
any of the green compound, which is soluble in alcohol. The filtrate was finally very pale green owing 
to the presence of a small amount of the green compound formed by hydrolysis. The tetrabromoferrate 
(3-3 g., nearly quantitative) (Found: C, 20-8; H, 30; Br, 41-3; Fe, 07%; M (eryoacopic) in 273% 
solution in nitrobenzene, 602; (ebullioscopic) in 4-24% solution in acetone, 820; in 642% sclution in 
acetone, 850. C,,1j,Br,As,Fe, wires C, 20-46; H, 238: lar, 41-25; Pe, 96%; M, 1164) wai purified 
by recrystallisation from acetone-light petroleum. It dissolved readily in acetone, nitrobenzene, and 
nitromethane, forming a solution which was brown if dilute and red when concentrated. The compound 
formed brown shimmering crystals, m. p. 207° (decomp.), which under the microscope were seen to 
consist mainly of flat rhombs. The compound was completely insoluble in benzene, chioroform, ether, 
dioxan and organic solvents other than those mentioned above. Although it is insoluble in water it 
slowly hydrolysed to form the green salt (FeBr,(Diarsine),)Br and this green compound was also formed 
when water was added to a solution of the compound in acetone. An acetone solution of the complex 
reacted immediately with silver nitrate solution to precipitate silver bromide, the solution first turning 
green, then blue; the colour faded entirely in about 15 minutes 

Magnetic susceptibility, At 20°, see Table Il. At 273°, y « 143 x 10°, whence, after correction, 
mean » ~ 457 

Dibromods-(o-phenylenebisdimethylarsine)irvon(111) Monobromide.—-Anhydrons ferric bromide (2 ¢ ) 
was dissolved in alcohol (30 ml.), and the solution filtered and added with vigorous stirring to a solution 

A green nd was 
was formed also. 
The 
mixture was then treated with 
leaving only a green precipitate in a green solution. 
washed several times, first with small quantities of 
minimum quantity of alcoho! had to be used because 
solvent. After a final washing with light petrol , the 
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rods. Recrystalleation was difficult, for attempts at purification from acetone-light petroleum gave 
the brown ferribromide; also, contact with water for very long caused hydrolysm. The compound 
was nevertheless obtained fairly pure by starting with freshly filtered solutions and filtering rapidly 
alter treatment with water. It probably still contained traces of ferric hydroxide formed by hydrolysis, 
as shown by the iron value (Found: C, 276; H, 37; Br, 27-3; Fe, 67. C,H,,Br,As,Fe requires 
C, 27-7, HL 37; Br, 27-7, Fe, 65%). The compound dissolved readily in alcohol, acetone, and warm 
water to a green solution Beahing with insofherent alcobol to dissolve tt caused some formation of the 
brown complex. It was practically insoluble in al) other organic solvents. Treatment of an alcoholic 
lution with silver nitrate solution gave an immediate precipitate of silver bromide followed by 
development of a blue colour which faded rapidly 

Dichloredsy-(o- phenylenetisdimethylaranejiron(\11) Perchlorate -——The tetrachloroferrate (28 g.), 
prepared as above, was dissolved in acetone, and the solution filtered and treated at once with excess of 
perchloric acid (30%). The solution was well stirred and almost immediately a red crystalline 
precipitate of the perchlorate was obtained. This was filtered off after a few minutes and well washed 
with alcohol, im which it * practically insoluble. It was then dried in a vacuum desiccator, yield 20 ¢ 
{[Pound. C, 303; H, 43, Cl SS; Fe, 70. CH,O.CLAs, Fe requires C, 30-1; H, 40; Cl 89 
(excluding C) a pes in the CIO, ion), Fe, 70%). It was shghtly soluble in acetone and fairly soluble in 
nitrobenzene, but quite insoluble in water of organic solvents like chloroform or benzene. When heated 
the compound did not melt but decomposed violently about 210° 

Magnetic susceptidnitty. See Table II 

Di-tedads-(o- phenylenebisdemethylar sine jtron( 11) —-The tetrachloroferrate complex (1:35 ¢ ), dissolved 
in acetone (70 ml.) and filtered from traces of impurity, was treated with lithium iodide (2 ¢g.; excess) 
dimolved in acetone (30 ml.j. The red solution immediately became dark brownish-red and finally 
brown. After 3 minutes’ vigorous stirring, golden-yellow crystals were precipitated. These were 
filtered off, well washed with acetone, a little water, then finally with alcohol, and dried in a vacuum 
desiccator, yield 07 g (Found: C, 27-2; HM, 37: 1, 203; Fe, 67. C,H,,!,As,Fe requires C, 27-2; 
H. 36, 1, 288: Fe, 64%), @ littl more of the compiles remaining dissolved in the acetone In all 
other solvents the complex was quite insoluble. An acetone solution gave a precipitate with silver 
nitrate solution on warming. When heated the compound did not melt but began to darken at 250° 
and decomposed above 300°. This compound could also be prepared by shaking together for a few 
minutes an alcoholic solution of the arsine with an aqueous solution of ferrous iodide 

Magnetic mucephtility y ~ —O3 « LO” whence » = 0 

Inbromods (o phen yleneidemethylarsime)tron( {| Ferrous sulphate heptahydrate (66 g.) and 
sodium bromide (0-8 g.) were dissolved in air-free distilled water (20 mi.) containing one drop of 
10~-hydrochioric acid and added to a solution of o-phenylenebisdimethylarsine (1) g.) dissolved in 
alcohol (20 ml Most of the arsine was immediately precipitated as an ou, and the solution developed 
a pale green colour owing to the presence of a little ferric salt The mixture was well shaken in a 
100-ml. stoppered flask for about § hour with frequent warming on the water-bath; most of the arsine 
had then dissolved and a yellow precipitate had started toform. After 24 hours with occasional shaking 
and heating, the resmdue was fitered off and weil washed, first with alcohol and finally with distilled water 
until the washings gave fo precipitate with silver nitrate. After a final washing with alcohol it was 
dried in the vacuum desiccator The bright yellow complex (Pound: C, 31-56; H, 46; Br, 20-5; Fe 
70. CH, Br As, Fe requires C, 30-4; H, 41; Br, 20-2, Fe, 71%) was slightly soluble in alcohol and 
r hloroform but could not be recrystallised. It was quite insoluble in all other common solvents. The 
alcoholic solution reacted with silver nitrate on warming. Bromine immediately oxidised the complex 
to the green ferric salt (FeBr, 2C,H,(AsMe,),/ Br. On heating, the compound did not melt but decomposed 
near 300. It was diamagnetic but the susceptibility was not measured precisely because the yield 
(0-9 ¢ ) was insufficient to fill the tube: the susceptibility was estimated at about —0-2 « lo 

Dithroeyanatods-(o-phenylenett sdimethylarsine)ivon(11}.-Anhydrous ferric chioride (16 g) was 
dissolved in absalute alcohol (100 ml), and the solution filtered and treated with a solution of ammonium 
thiocyanate (28 ¢) in absolute alcohol (100 ml To the dark red solution was added o-phenylenebis- 
dimethylarsine (2-0 ¢.) dissolved in absolute alcohol (40 ml The solution was well stirred and left for 
5 minutes, a heavy purple powder being precipitated. This was filtered off and washed many times with 
absolute alcohol until the washings showed only a very pale green colour. After a final washing with 
water the compound was dried in the vacuum desiccator; yield, 3-1 g.; m. p. 293° (decomp.) (Found 
C, 36-6, H, 44: N, 3-7, S86: Fe, 76. CyH,N S,As,Fe requires C, 35-4; H, 43; N, 3-76; S86; 
Fe, 75% This powder had a magnetic susceptibility of +017 x 10°* but after recrystallisation from 
chieroform and light petroleum this value fell to 0-0 « 10°*; the bigher initial value was probably due 
to traces of ferric salt. The compound was slightly soluble in acetone and chloroform to a purple solution 
but was inselalle in water, benzene, light petroleum, and other common solvents An acetone 
suspension reacted very slowly with silver nitrate to precipitate silver thiocyanate When heated, the 
compound became lighter in colour above 200 When finely divided the complex had a purplish- 
pink colour 





The author gratefully acknowledges valuable discussions with Dr. J. Chatt and Dr. D. P. Craig and 
technical assistance in the preparation of the diarsine from Mr, T. J. Collins. The award by the 
University of London of an |.C.1. Fellowship, during the tenure of which this work was carried out, is 
also acknowledged. The author is indebted to Professor C. K. Ingold, F.R.S., for his interest in this 
work 
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173. Studies in Co-ordination Chemistry. Part 1V. Complexes of 
Rhodic Halides with a Ditertiary Arsine. 
By R. S. Nywoum. 

The complexes of tervalent rhodium babdes with a chelating ditertiary arsine, o-phenylene 
biscdumethylarsine, have been prepared and studied. A series of salts have been isolated in 
which the anivalent cation contains two molecules of the chelate group co-ordinated to the 
rhodium atom, two halogen atoms completing the octahedral configuration. All attempts to 
obtain complexes in which a halogen bridge connected two rhodium atoms were unsuccessful 


and it is concluded that such bruiges, if formed, are unstable. The properties of the complexes 
are dis nssed 


In view of the ease with which bivalent rhodium formed binuclear halogen bridged complexes 
with tertiary arsines (Dwyer and Nyholm, J. Proc. Roy. Soc. N.S.W., 1941, 76, 127), the 
preparation of similar complexes of tervalent rhodium has been attempted. With tertiary 
arsines, bivalent rhodium halides gave rise to binuclear halogen bridged complexes of the type 
[Rh(Hal),,3AsR,), very readily and it was hoped that favourable circumstances for bridge 
formation with tervalent rhodium would be provided by the use of a suitable ditertiary arsine 
chelating group. Earlier work with diphenyimethylarsine (Dwyer and Nyholm, sid., p. 140) 
had shown that non-electrolytes of the formula Kh(Hal),,3AsK, could be isolated, but the use 
of a ditertiary arsine chelating group forces the rhodium either to bridge or to form a salt to 
complete a co-ordination number of six. It has been found, however, that the only complexes 
which could be isolated were salts containing two molecules of the chelate group to each 
rhodium atom and in which only part of the halogen was ionised, Variations in the method of 
preparation, such as changing the ratio of the reactants or refluxing the rhodium bisdiarsine 
salt with excess rhodic halide, failed to give the dimer. If formed, this dimer should be easily 
isolated, for binuclear complexes are usually much less soluble than the monomers from which 
they are derived. Most Grocp VIII metals, particularly those of the palladium and the 
platinum triad, have a tendency to form non-electrolytes with tertiary arsines rather than 
salts, and the formation of a salt in this case suggests that halogen bridges between tervalent 
rhodium atoms, if formed, are weaker than those between bivalent rhodium atoms. 

The compounds isolated had the genera! formula Kh(Hal),,2C,H,(AsMe,),; the chloride 
was investigated more than the bromide or the iodide because of its higher solubility in water, 
but the other two salts had similar properties. The compounds were formed in solution by 
heating the diarsine under reflux with the appropriate rhodic salt and were precipitated by 
addition of the corresponding acid. Since only part of the halogen was ionised, a salt-like 
structure for the complexes was presumed ; then if a co-ordination number of six for the rhod- 
ium is assumed, the structure [Rh(Hal),,2C,H,(AsMe,),.Hal was expected. In the case of 
the chloride, this is as inset, the rhodium atom being octahedrally co-ordinated and 

the compound is dichlorodt-(o-phenylenebisdimethylarsine) - 

7 rhodium(i11) chloride. This formulation has been confirmed 

by conductivity measurements and potentiometric titration 

with silver nitrate, a silver electrode being used. The mole- 

cular conductivity at a dilution of 1024 litres was 04 mhos; 

~this figure is of the order expected for a strong electrolyte 

which forms two ions per molecule. The m/1024-solution 

was then titrated with silver nitrate in the presence of 

acetone and barium nitrate; the acetone was used to 

increase the sensitivity, and the barium nitrate the con- 

J ductivity. The end-point of the titration occurred after only 

one of the three chlorine atoms had been precipitated (see figure), showing that only one 

chlorine atum was ionised. The small divergence from the calculated value is attributed to 

slight hydrolysis of the two covalently bound halogen atoms. In view of the dilution, the 
smaliness of this hydrolysis is remarkable and indicates a very stable cation. 

There is no evidence as to whether the two covalently bound chlorine atoms in the complex 
cation are ¢is- or trans-, but the latter is considered the more likely. This could be decided by 
attempts ¢t optical resolution, for the cis-dichloro-compound should be capable of being 
resolved, tut the trans-complex is imactive for it has a plane of symmetry. Complexes of 
tervalent (obalt and nickel in which similar cations are present will be described in Parts V and 
VI of this series. 
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EXPERIMENTAL. 


o Phenylenebssdimethylarsine —-This was ed as described in Part III (preceding pa 

Dichlorods-(o-phenyleneitsdimethylarsine\rhodvum(111)  Mownechlonde —Sodmuum  hexachlororhodate 
(0-65 ¢.), dissolved in distilled water (10 ml.), waa treated with o-phenylenebisdimethylarune (0-45 g) 
in alcohol (70 mil.) containing hydrochloric acid (lon.; 5 mi). (The ratio Rh : arsine was 1: 1 im an 
attempt to obtain the bridged complex.) When the solution was heated, all the arsine dissolved, and 
after a few minutes the colour changed from red to light yellow, the complex salt being formed in 
solution. (An atmosphere of hydrogen, used initially, was later found unnecessary.) The solution 
was then heated under reflux for many hours in an attempt to effect bridging, but the only reactiog was 
partial reduction to rhodium. The solution was filtered. and the filtrate concentrated to about 10 ml 
and treated with concentrated hydrochloric acid. A yellow precipitate was obtained immediately and 
after cooling in ice this was filtered off and washed quickly with ice-cold dilute alcoholic hydrochloric 
acid and finally with small quantities of ice-cold water. It was then dried in the vacuum desiccator 
giving a yield of O4 ¢. The compownd, recrystallised from aqueous alcohol containing a little hydro- 
chioric acid, decomposed above 300° without melting (Found: C, 30-4; H, 42; Cl, 13-6; Kh, 13-1. 
CohiggG As, Rh requires C, 307; H, 41; Cl, 136; Rh, 131%). It was completely insoluble in 
benzene, chioroform, or light petroleum but dissolved readily in acetone or alcohol and was moderately 
soluble in warm water 

During the above preparation one occasionally obtained a heavy brown precipitate after 
a few seconds’ refluxing which gradually redissolved on further heating. It was quite insoluble 


Potentiometric titration of m/1024-{KhbC1,.2C,H,(AsMe,),)Cl, with silver—silver chloride electrode. 
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in all solvents and was probably the complex self (RbCl, 2C,H,(AsMe,), ,/RhCl,) (Found: Rh, 
160. CoH, Cl,As,, Rh, requires Rh, 16-2%). This compound appears to arise from the temporary 
coexistence of the two necessary tons, and it is significant that it ts formed most readily in the presence 
of excess of sodium hexachiororhodate 

Dibromodi-(o- phenylenetisdimeth ylarsine)rhodium(I11) Bromide —-Sodiam hexachlororhodate (1-0 g.), 
dissolved in distilled water (13 ml.), was added to o-phenylenebisdimethylarsine (1-45 ¢.) in alcohol 
(60 mi.) containing concentrated hydrobromic acid (5 mL); 30%, hypophosphorous acid (2 ml.) was 
added to prevent the formation of bromine; it caused very little reduction of the rhodium salt. The 
solution was heated, and after a few minutes a brown sandy powder was precipitated which gradually 
dissolved on further refluxing to form an orange solution. After several hours’ refluxing the solution 
was filtered from a very small amount of precipitate and concentrated to a small bulk on the water-bath. 
On cooling the residue (about 15 mi.) im ice, a yellowish-brown powder crystallised out. This was 
filtered off and washed with ice-cold alcohol and finally with ice-cold distilled water. It was dried ina 
vacuum desiccator, The compownd (Found: C, 270; H, 38; Rh, 11-4 C,H, Br,As, Rh requires 
C, 26-2, H. 346. Rh, 11-25%) did not melt but decomposed above 00". It may be recrystallised from 
alkohol containing a httle hydrobromic acid An alcoholic solution precipitated only part of the 
bromine on treatment with silver nitrate 

De-tedodt-(o phenylenchisdimechylarsone)rhodsum( 111) lodide.—Sodiuam hexachlororhodate (2-0 g_), 
dissolved in water (25 mi.), was added to o-phenylenctusdimethylarsine (2-9 ¢.) in aleohol (125 mi.) 
contaimng hydricdic acid (57%; 10 ml.) just decolorised with bypophosphorous acid. To the mixture 
was added hypophosphorous acid (4 ml), and on heating, the arsine quickly dissolved and a brownish- 
red powder was precipitated. This gradually dissolved on further refluxing and after 2 hours the 
solution was filtered and heated on the water-bath until the volume was about 50 ml. On cooling, 
beautiful crimson crystals were precipitated which were filtered off and washed many times with 
elcohol and finally with water. The todide was much less soluble than the chloride or bromide and the 
addition of hvdriodic acid when recrystallising from alcohol was not necessary. Two recrystallisations 
from aleohol gave an analytically pure specimen (Found Cc, 230; H, 32; |, 362; Rh, 08. 
Cal, 1,As, Kh requires C, 22-7; HM, 30; 1, 36-2; Rh, 975%). The compound was completely insoluble 
im all organic scivents except alcohol and was insoluble in water. An alcoholic solution gave an 
immediate precipitate with silver nitrate, more silver todide being formed on boiling owing, apparently, 
to rupture of the cation 

Conductienty of the Chloride Comples ~-Measurements were carried out in a pipette-type cell of volume 
about 15 mi. and constant 06-0508 cm“. The resistance of an m/1024-solution of the salt in this cell 
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at 25° was 532 ohms. The conductivity of the water used was 345 x 10* mhojem*. From these 
data the molecular conductance at a dilution of 1024 litres 5 94 mhas 

Potentiometric Titration.— M1 of the m/1024-solution of the chloride complex were treated with 
AnalaR acetone (100 ml.) and barium aitrate (1g), and the solution titrated with 0-401371s-silver nitrate 
from a microburette, the solution bem storred vigorously throughoet the titration. A silver-silver 
chloride electrode was ummersed im the solution, and ar electrode consisting of a slver—siver 
chionde electrode in saturated potasswm chloride connected to the solution through an ammonium 
nitrate bridge. The result (see figure) shows clearly that only one of the three chlorine atoms is jonised. 


The author gratefully acknowledges a loan from Messrs. Johnson, Matthey and Co. Ltd. of the 
rhodium used in this research. The award by the University of London of an Imperial Chemical 
industries Fellowship, during the tenure of which this work was carried out, is also acknowledged. 
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174. Amidines. Part XIII. Preparation of 2-Substituted 4: 5-Di- 
hydroglyoxralines and Ring Homologues from Substituted Amidines 
and Alkylenediamines. 


By P. Oxuey and W. F. SHorr. 


2-Substrtuted 4 : 5-dihydroglyoxalines and ring homologues are produced in good yield by 
heating substituted amidimium salts with an alkylenediamine. Ketoxime sulphonates and 
ethylenediamine also give 2-substituted 4: 5-dibydroglyoxalines. Reaction mechanisms are 
proposed. 


As a sequel to the investigation of the action of ammonia and monoamines on N-substituted 
amidinium salts and on ketoxime sulphonates (Parts IX and XI, J., 1948, 1514; 1949, 449) 
we have examined the behaviour of these compounds with alkylenediamines, Miescher, Urech, 
Klarer, and Ciba (U.S.P., 2,252,721), Klarer and Urech (Helv. Chim, Acta, 1944, 27, 1772), and 
Djerassi and Scholz (J. Amer. Chem. Soc., 1947, 69, 1688) have prepared a few 2-arylamino- 
methyl-, 2-hydroxymethyl-, and 2-aryloxymethyl!-4 : 5-dibydroglyoxalines from ethylenedi- 
amine and the appropriate unsubstituted amidinium chloride in boiling alcohol, but the 
reaction of alkylenediamines with N-substituted amidines has not been investigated. We find 
that 2-substituted 4: 5-dihydroglyoxalines and ring homologues are obtained in good yield by 
heating N-substituted amidinium salts with an alkylenediamine at temperatures within the 
range 50-—180°. It is convenient to use the amidinium sulphonates, but chlorides, benzoates, 
and picrates have also been used. Aniline, nitrobenzene, and other solvents used in the 
ammonolysis of N-arylamidinium salts (Part X1, lec. cit.) could be employed in the reaction 
but were usually unnecessary. The amidine may have one, two, or three alkyl or aryl 
substituents on the nitrogen atoms, and the N-monoary! derivatives are especially suitable 
owing to their ready availability (Part I, J., 1946, 147; Part XI, /., 1949, 449). The scope of 
the method is illustrated by the twenty-three examples in Table 1, and it will be noted that 
N-alkylethylenediamines give 2-substituted l-alky!-4 : 5-dihydroglyoxalines. Since there is 
no reaction between an alkylenediamine and an N-substituted amidine at temperatures which 
yield a cyclic base when the amidinium salt is employed, it is probable that the reaction involves 


= tN RRHX 4 ANHYCH, NH, on 


ZYN-CRAM,X)-NA(CH,) NH, {| ZYN-CR(NH,X)/NH“CH,)NHA 


a {| S  ZYN-CRNX 4 ARH SCH) NH, = {| ata 


a 
ZYNH + x Suc R-NA*(CH,\NH, ZYN-CRINH: CH, “NHA + X-‘NH, 


(Ile) {| | (Tb) 


xRnCR-NH =X CR NH NYE zyw-cr—Sn, 
NA-ICH,), A~ICH ge NA~(CHy)e 
(Illa) * av) (111. 


the production of orthoamidinium ions (Ia and Id) from the amidinium salt, ZYN-CRINHX, 
and the alkylenediamine, A‘NH-(CH,),*NH,, or from the reciprocal pair. The orthoamidinium 
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ions subsequently lose two molecules of amine (or one of ammonia and one of amine), as shown 
in the annexed scheme, representative of other routes in which the amines are eliminated in the 
reverse order and of structures with a different distribution of the positive charge. The 
intervention of cyclic compounds of the type (Illa and 6) is postulated since the dihydro- 
giyoxaline resulting from the direct elimination of an amine from (116) would not necessarily 
contain the group A, whereas, in fact, I-methyldihydroglyoxalines (IV; A = Me, n= 2), 
unaccompanied by the corresponding dihydroglyoxalines (IV; A = H, = = 2), are obtained 
from a substitated amidinium salt and N -methyletbylenediamine. 

The 2-aryimethy!-t-alkyl-4 : 6-dilyydrog!yoxalines enumerated in Table II were prepared by 
the interaction of the appropriate cyanide with a salt of N-methy!- or N-ethyl-ethylenediamine 
(Part Vi, J., 1947, 497), and the exclusive formation of dihydroglyoxalines containing a 
l-alky! group suggests the production of a cyclic intermediate which subsequently loses the 
elements of ammonia : 


RCN + MeRH,CH,CHYNH, 


¥ 
R-CONH) St HMe-CH,CH,-NH, 


NHyCR NH CR--NH 
NHMe-(CH,}, > Suetuy, + ™ 
* ~ 


R-<CCNH)-NH,-CH,.CH,NHMe 
+ 


a 
RON + NHyYCHYCHYNHM 


These N-alkyldihydroglyoxalines were examined by Gowdey (Brit. /. Pharmacol., 1948, 
3, 254; 1949, 4, 45) who found that, regardless of the action of the compounds not containing a 
N-substituent, they all cause a rapid mse of the blood-pressure and an increased heart-rate ; 
moreover, the compounds unsubstituted on nitrogen affect the perivascular system directly 
whereas the N-alky! derivatives affect the blood-pressure by a more central action, involving 
stimulation of the sympathetic ganglia, liberation of adrenaline, and direct action on the 
cardiac muscle. ‘ 

Rearrangement of ketoxime sulphonates in presence of ethylenediamine gives 2-substituted 
dihydroglyoxalines, the ester of methy! ethyl ketoxime giving rise to both 2-methy!- and 2-ethyl- 
4: 5-dihydroglyoxaline (compare Part IX, /., 1948, 1514). 


ArSOyOCKINR’ « CRR“N-O-SO,Ar ArSOyO-CR NK 
| (CHY NM, | (CHS NY, 


v ¢ 1. @ v = ae 
NH CH YCHyNH-CR:NHR’} ArsO, NHyCH /-CHyNH-CR°NHRJArsO, 


¥ ¥ 
CH, NH 6 CH, NH l «6 
CR>ASO, | RONH, j CR’ >ArSsO, + R-NH, 
CH, NH } CHy~ SH } 


A number of the I-methyldihydroglyoxalines were converted into quaternary salts for 
pharmacological examination, but an attempt to methylate and quaternise 1|-benzyldibydro- 
giyoxaline in one stage resulted in fission of the nucleus with formation of N-2-dimethviamino- 
ethyiphenylacetamide (picrase, m. p. 165°5-—166°) 


EXPERIMENTAL.* 


Preparation of Alhkylenediamine Salts --The following salts were prepared by the method described 
im Part VI(/.. 1047, So? 

N. Methylethylenediammonium ditoluene-p-sulphonate, which separated from ethanol in colourless 
needies, m. p. 176° (Found: N_ 66. C,,H,,O,N,S, requires N, 67%). was obtained from N-methyl 
ethylenediamine, prepared in 42% yield from ethylenediamine by modification of Aspinall’s method 
(UJ. Amer Caem. Soc., 1939.61, 822). Direct methylation of ethylenediamine was not a practical method 
for the preparation of the N-monomethy! derivative (cf. Linsker and Evans, Amer, Chem. Soe., 1945, 
67, 1581). Attempts to prepare a crystalline monotoluenc-p-sulphonate of the N-methyl base were 


unsuccessful. 
* See also BT’. 614,032 /1046 
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N-Ethylethylemeds ditoluene-p sulphonate, m 158-159" (Found N, 665 
CygHy,O.N,S, ~~ N, 65%) was prepared from Ny ethylethylenediamine, in 35% yield by 
Aspinall’s Sethod (lee. ett.). 

Dihydrogiyoralimes and Ring Homologues from N-Substetuted A muds Salts and Alaylenedsamines — 
SS ee eee have been described in previous parts of the series. An 

q lecular ture of the N- uted amidine, alkylenediamime, and acid (the last being 
introduced as free acid or as the amidinium. alkylened jum, of ammonium salt) was heated under 
the conditions recorded in Table 1. Often no solvent was necessary, but reactions involving compounds 
of relatively high m. p. were facilitated by the addition of a small excess of alkylenediamine, or of a solvent 
such as aniline, dimethylaniline, or nitrobenzene. The salt of the heterocyclic base usually 
directly from the reaction ture, but dilution with acetone or ether was occasionally necessary. One 
recrystallisation from methanol, tse . OF acetone was sufficient to give a product of constant 
m.p. The experiments recorded in T I were conducted with 0.005—0-01 g -mol. of the amidinium 
salt, and the ynelds are calculated on the amidine 

Preparation of 2-Substituted 1-Aihyl-4 : 5-dihydroglyoralimes.—Since dibydroglyoxalines and their 
l-alky! derivatives are of comparable basic strength, direct alkylation gives a mixture of dihydro 
glyoxaline, |-alkyidihydroglyoxaline, and quaternary salt. The separat of this mixture is often 
5 omen and yields are poor, Thus when 2-benzyl-4 : 5-dihydroglyoxaline (36 g), methyl toluene-p- 
sulphonate (42 g.. | mol.), and benzene (100 cc.) were boiled for an hour, a heavy ot] was i from 
which a mixture of 2-benzy!-4 : 5-dihydroglyoxaline and its l-methy! derivative were liberated by 
5x-sodium hydroxikle. This mixture could not be satisfactorily separated into its constituents by 
distillation, but fractional! crystallisation of the mixed picrates from methanol afforded a 
of 2-benzyl-1-methyl-4 ; 5-dihydroglyoxalinium picrate, m. p. 125—125-5° (15-5 g., 17%), iden’ with 
that obtained by the alternative method (sce Table I). 

The |-alkyidihydroglyoxalines described in Table II were prepared from the a te cyanide, 
N-alkylethylenediamine (1 mol.), and ™m tol p-sulp te (1 mol ), according to the method 
described in Part VI (lec. ct.). No unsubstituted dihydroglyoxalines were formed in this reaction, and 
the | -alkyidihydroghyoxalines were very easily purified and sbtained im good yield 

1: &-Di-(l-methyl-4 ; 5-dihydro-2-glyoxalinyljoctane. A mixture of octamethylene dicyanide 
(%2 g.), N-methylethylenediammonium ditoluene-p-sulphonate (20-9 g.. 0-5 mol.), and N-methyl 
ethylenediamine (3-7 g.. 0-6 mol.) was heated at 190° for 2 hours. Crystallisation of the crude product 
from tsopropanol afforded | : §-di-(1-methyl-4 : 5-dihydro-2-glyoxalinyljoctane ditol p-sulphonat 

16-6 g., 53%). The properties of this salt and of See ee in Table Il. 

1: 2-Di-(2-benryl-4 5-dthydro-|-glyowalimyljethane — cyanide (11-7 g.), 3: 6-diazacctane 
| : 8-diamine (“ triethylenetetramine ") (7-3 g., 0-5 mol.), tol pP-sulphonate (18-0 ¢ ; 
1 mol.) were heated at 190° for 90 minutes. The resulting yellow gum was dissolved in water, made 























r 





obtained by evaporating the solvent was crystallised from benzene (15 ¢.c.) gi 
4: 5-dihydro-|-glyoxalinyljethane, m. p. 131-—132° (Found: N, 160. C,,H,,> 
(7-6 g., 43%). The dipicrate had m. p. 235° (decomp.) (Found: N, Coil , 
), and the dstydrochloride, obtained from the base and hydrogen chloride in isopropanol, ated 
as a crystalline powder, m. p. 275° (decomp.) (Found: N, 13-3. C,,H,,N Cl, requires N, 13 +4) 
Dikydroglyoxalines from Ketoxime Suiphonates.—The ketoxime sulphonates were prepared as 
described in Part 1X (loc. cit.) 
2-Phenyl-4 : 5-dshydroglyoxalime. Ethylened dibenzenesulphonate, m. p. >360° (5-8 g., 
, was waited when benzophenone oxime benzenesulphonate (16-4 g.), anhydrous ethylene- 
g.. | mol.), and benzene (100 c.c.) were boiled for 1 hour and then cooled. The filtrate was 
washed with aqueous sodium hydroxide to remove benzenesulphonic acid, concentrated, and distilled on 
the steam-bath at | mm. to remove aniline (3 g., 64%). The residue consisted of NN’-dipheny!tbenz 
amidine, resulting from the action of aniline on the imidosul te produced by ee es a of part 
of the oxime ester (Part IX, Joc. cit.), and 2-phenyl-4 : 5-dih lyoxaline. Neutralwation of the 
mixture with aqueous benzenesulphonic acid afforded the ng NN‘-diphenylb dini 
benzenesulphonate, m. p and mixed m. p. 218° (4 g. 19%), and 2-phenyl-4 : 5-dihydroglyoxaline, 
m. p. and mixed m P 1OL® (5-5 g., 77-56%), was isola the aqueous solution 
2-Methyl-4 . 5-dihydrogiyosalime. (i) Acet b Ipbonate (21-3 g.) ethylenediamine (6-0 g 
1 mol.}, and toluene (50 ¢.c.) were boiled under reflux for § hour and the cold solution was extracted with 
water (25 c.c.). The aqueous layer was made alkaline with 5~x-sodiam hydroxide (#0 c.c.), and the 
y xaline (7-9 g.) was collected in chloroform and converted into the picrate, 
202° (24-0 g., 74-56%) with methanolic picric acid. tion from water gave flat needles 
~methyl-4 : 5-di i -P- m., p. 206° (Aspinall, loc. cit.; Chitwood 
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Taste I, 
Preparation of 2-substituled 4 5-dihydroglyosalines and ring homologues from substituted amidsnes. 
Reaction 


A . 
Sakti ot diamine time 


Salt. amidine* (mols temp. (mins). 
4 6 Dnhydroglyoxalenes. 


(1) 2-Methyl- Picrate N-cycloHexyl-N’-ethy!l- . 100" » 
acet 

(2) ts Picrate N N’-Diphenylacet- 100 120 

(3) 2-Ethyl- Picrate - NNN-Triethylpropion- T 100 


(4) 2-5-Buty!- T N-p-Tolytvaler- 2 100 
(5) 2-Benzyl- HC! N-cycloHexyiphenyl- ca. 180 
acet- 
(6) 2-eyeloHexyl- T* N-Phenyleyclohexane- 
carboxy 
(7) 2-Pheny! T ‘ 7 NNN’-Trimethylbenz- 
(5) os Henzoate N-Phenyl!-N’-benzyl- Benzoate 
benz 
B NN-Pentamethylene- B 
N‘-phenylbenz- 
BK N-Phenylbenz 100 
T N-Phenylbenz 100 
?-Methoxy- T N-p-Tolyl-p-methoxy- 100 
pheny! benz- 
T 3 N-p-Tolyl-p-methoxy- 140 
benz 


12- 
) 2-0-Chioro- tT? N-Phenyl!-o-chlorobenz- 140 
r*henyl- 
(15) 2 } 4 -in- he 192 : N-Pheny!-3 : 4-di- 15 100 
methoxy- 192.5 methoxybenz- 
pheny! 
16) 2-2’-Naphthyl- B® 158-5 N-o-Tolyl-2-naphth- 


1. Methyl > 5-dthydroglyoaalines 


(17) 2-Benzyl- Hc! aN N-p-Tolylphenyiacet- Hcl 
(18) 2-1"-Naphthyl- Picrate 181 N-Phenyl-l-naphthyl- —‘Picrate 
acet- 
3. 4:5: 6 Tetrahydropyrimidines 
(19) 2-Pheny! T 122 ‘ N-Pheny!-N-methy! 
benz 
(20) 2-(p-Methy! ° 187? ¢ N-Ethyl-p-methy! 
sulphony!l sulphony!benz 
pheny}) 


2. 7.Diarac ycloheptenes 


(21) 1-Benzy! Picrate so N-p-Tolylphenylacet I 100 
(22) 1-(p-Methyl Picrate 7 N.2-Pyridyl-p-methyl- Picrate 5 140 
sulphonyl sulphonylbenz 
*heny! 
(23) 1 Pyridyi- Dupter 77 aé N-Pheny|lnicotin B 25 100 
ate * 





* New compound » Benzenesulphonate Toluene-p-sulphonate. 


Notes to Table I 
Except where otherwise indicated, the dihydroglyoxalines and ring homologues have been 
dew ribed in Part VI (/., 1047, 497) and the known compounds were identified by comparison with 
authentic specimens 
2) Chitwood and Reid (/. Amer. Chem. Soc, 1935, §7, 2424) state that 2-methyl-4 : 5-di- 
hydroglyoxalinium picrate has mp. 205 Aspinall (ibid, 1939, 61, 822) records m. p. 204°. See also 
Note (26) of Part TX (/., 1048, 1521). (3) Chitwood and Reid (loc. ett.) and Aspinall (loc. cit.) state 
that the picrate has m. p. 137 (5) The reaction mixture consisted of N-cycichexylphenylacetamidin- 
jum chioride (2-5 ¢ ), ethylenediamine (1 cc), and nitrobenzene (5 cc (6) NI vicyclohexane- 
carboxyamidine (1.01 ¢), 2-aminoethylammonium toluene-p-sulphonate (1-16 g.}, and aniline (1 ¢.c.) 
gave d-cyclodery!-4 : S-dihydroglyoralinium foluenc-p-culphonate, m. p. 171° (Found:. N, &7. 
© eHy,O,N,S requires N, #6%). (8) 2-Phenyl-4 5-dihydrogiyoralinium benroate consisted of rect- 
angular plates, m. p. 115-6" (Found: N, 10-6. C,,H,,O.N, requires N, 10-54%). (14) 2-0-Chloro- 
phemyl-4 S-dthydroglyosalimium toluene p- ¢ crystal in colourless tes, m. 163° 
(Pound: N, 60. C,,H,,O.N,CIS requires N, 7-9%). (15) 2-(3 : 4-Dimethoxyphenyl)-4 : vdro- 
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Notes to Table I (contd.). 


age eee rye had m. p 102--192:5" (Found: N, 7-4 Corb pe5 N,S requires N 
ay (16) 2-2 -Napatay!.4 5 -di’ydrogivoralimewm benzenesulphonate Byron from ssopropanol 
slender needles, _ . 1885" (Found NT79 ry ag be requires N (19) The reaction 
_N-pheny! Cinetkptencdiomine (0-37 ¢), am 
P t (0-00 q), and dimethylaniline 10-89 cc). (20) The reaction mixture 
Sent! toluene »-sulphonate oS a> Se 

nitrobenzene (5 ¢.c.) _ (23) Aa aqueous solution of the reaction product from 
ine (0-2 g.), and ammonium benzenesualphonate 
a and the crude solid ae  puriied by sublim- 
ation, giving 1-3'-pyridyl-2 : 1-diaracycloheptene, m. p. 102° (Found: N, 23-8. H,,N uires N 
240%). The dipicrate separated from methanol im long needles, m. p. int Found . 200 

CyH,,0,,, requires N, 19-90%). 














Taste LI. 


Preparation of 2-substituted 1-alkyl-4 : 5-dihydroglyoxalines from cyanides and 
N-alk ylethylenedi amines. 


Reaction, Base 





~- 


time Yield, Found, Read. 
temp. (hrs). % Bp. /mm ee N,% 
(1) 2-Benzyl-l-methyl-4  5-dihydroglyox- is 1} 92 7st =, AYN, 166 
alene * 
(2) 2-p-Methoxrybenzyl-l-methy!-4 : 5-di- i 69 
hydroglyoxalime 
(3) 2-1’-Naphthylmethy! l-methyi-4- 5-di I a7 - 
hydrogivoxaline 
(4) 1: &-Dt-(L-methyl-4 + 5-dihydro-2- 2 53 -- - 
‘youalin yi) octane 
(5) 2-Benzyl-1-ethyl-4 : &-dthy droglyoxali ne 3 83 108 — C,H,N, Me We 
16 


* Hydrochloride, m. p. 88° (Found: N.13-2. C,,H fe Cl requires N, 133%). * Hydrochloride, 
m. p. 241° (Found: N, 109. Cy sH,,N,Ci aie N, 75%) 


7 olmene- ? sulphonate 
palpi Sige me Found, Reqd. 
M. p Formula N% NOX M. p 
. 125-—-125-5" C,,H,,0,N, 
lla C,,H,,O,N,5 7-55 745 172-5 Cy gH yyf nN, 
. 18l—-1815 wey 
149-5--150-5 C,H,.O,N,5, 90 167 CoebtyeOg® vo 
— i4l Celt pol eS 


. 
Notes to Table II 


The compounds described in the Table are new with the exception of 2-benzyl-1-methyl-4 : 5-di 
hydroglyoxaline which is mentioned, without physical constants, by Hartmann and Isler (Arch. eap 
Path., 1939, 192, 141). 

(a) The base gave erratic results on analysis by the Dumas method. (4) The preparation of this 
compound is described in detail below. (5) The base gave erratic results on analysis by the Dumas 
method. The hydrochloride was a gum but 2-benryi- 1 -etheyl- 4 ort te: salinivem sulphate was 
obtained in deliquescent crystals, m. p. 151-152" (Found : N, 12-0. NS requires N, 11-86% 





was o crystallised from alcohol (wo c.c.) giving 5 g. of 2-benzyl-1 3-dimethyl- 4 : S-dikydro vghyoralimivem 
ea m. p. 120°. This salt gave erratic results on Dumas analysis (Found: N, 17-4, 16-4, 17-4 
yall pO,N, requires N, 16-89%). The — was treated with Sn-hydrochloric acid and, after removal 


m ef MeN requires N "y> 5%) 

when 2-benzyl-4 : " b dikydrodlyenaties (8 g.) was added to a stirred solution of methyl toluene-p 

sulphonate (20 g.. 2-15 mols.) in benzene (25 c.c.), the temperature rose to 33° in 15 minutes and then 

fell again, the solution remaining homogeneous. On addition of 5n-sodium hydroxide (20 ¢.c.. 2 mols} 

Yellow) ith toluene psaphomi ckd, aad the exqusous layer was separated and evaporated ¢ Varyems 
low) with t tebenate yer was separated and evaporated to 

The of sodium tolu ee | po teonping acetone-soluble gum ad Pm 

treatment with 2n-lithium picrate . m. vine 165-6— 166", ra picrate s 

N-2-dimethylaminoethy’ wenhon = Cay FI ons 300: 40; N, 160. Bice requires 

C.407, Heh. N16 1%). war 








crystallised tion with acetone, ye ye 
isopropanol (Found: N, 7-8. CMO NS, te sopeiue N, 7-8%). “i eal ater crys 
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I fiapewentio ae rem separated from ethanol in flat needles, m. p. 175" (Found: N, 17-0. 

sath yO ye ae 5 N, 16-86%) 

ental of | : &-di-(2-bensyl-4 : S-dihydro-l-glyoxalinyljoctane. The oily base obtained from the 

dibydrogiyoxaliniam dito Iphonate (15-5 g.) and 2-Gy-sodiam hydroxide (50 c.c) reacted 

exothermally with a solution Ht foe hy! toluene-p-sulphonate (10-2 g.. 2-2 mols.) in benzene (10 c.c.), 

and the metho-salt op as an oil which crystallised on manipulation. After recrystallisation from 
S72" (12 g.. 74%) | had m. p. 158-—160° 

“Cetin oN quires N, oe 


d from methanol in 
(Fou 2 C,H,O, Nn N, 183%). 
Se-linhenp ond 9¢>didheupiongs4 Take 2-Benzylgivoraline, and 2-Bensy! 
34° 5) 6 tetrahydropyrimidine —p-Hydroxybenzy! ate (6-65 g.). prepared in 60% yield from 
p-aminobenzy! cyanide as described by Kossler and Hanke (/. Biol Chem. 1919, 39, 585), and 2-amino- 
ethylammoniam toluene-p-salphbonate (11-6 g, | mol.) were heated at 155° for lj hours. The solid was 
crystallieed from ——— (20 ¢.c.), giving unchanged 2-aminoethylammonium toluene-f a mate 
3g.) and then 2-p-Aydrorybencsyl-4 | 5-dihydroglyoxalinium toluene-p-sulphonate (11-0 ¢., 63% 
146—147°, unchanged after recrystallisation from water or alcohol (Found: N, 8-05 
requires N, 80%). The picrate crystallised from water in rhombs, m. p. 161° (Found: N, 
C,.H,,0 a. requires N, 17-3%) 
p-Methoxybencyl cyanide (11-76 g). b. p. 107-—110°/1 mm., obtamed in 91% yield by methylating 
the ye tema taet with methyl iodide and alcoholic sodium ethoxide, and 2-aminoethylammonium 
toluene-p-sulphonate (18-56 ¢., 1 mol.) afforded a solid when heated at 190° for 1 hour. After being 
triturated with acetone and recrystallised from isopropanol (60 cc.) this solid afforded Fae es »xybenryl- 
4: S-dihydroglyoxalinium toluene-p-sulphonate (20 g., 69%), m. p. 138 a N, 7-4 
requires N, 7-7%). The corresponding picrate had m. p. 119° (Found: N, 168. C,,H,, requires 
N, 167%), and 2-p- a, 4 S-dshydrogiyoraline ape from benzene in flat needies, m. p. 
121— 122 A ound: N, 150. C,,H ON, requires N, 14-7 
When 2-benzyi-4 : S-dihydroglyoxaline (6 g.) was heated at 250° with a 40% cobalt—kieselguhr 
catalyst (1 ‘ ) evolution of hydrogen was complete in 45 minutes. The product was separated from the 
atalyst by extraction with benzene, and was converted into the hydrochloride by ing the benzene 
solution with 2n-hydrochloric acid (50 c.c.). The residue obtained by evaporating the aqueous solution 
was crystallised from ssopre ol giving a, oo ie A o We py chloride 
(70 g., 72%), m 176° (Found: N, 142. C »N,Cl requires N, 14-4%). picrate had m t 
172° and ¢ free base m. p. 125°; Sonn and aa (Ber, 1933, 66, 1000) record 172° and 125-—126 
es 
When benzyl cyanide (11:7 g.), trimethylenediammonium ditoluene-p-sulphonate (20-9 g.) and 
tetramethylenediamine (4-0 g.) were heated at 190° for an hour, and the base, liberated with 5n-sodium 
hydromide (25 cc.) and collected in benzene, was distilled, 2-benmryl-3 4: 5: 6-tetrahydropyrimidine 
150 ¢., ae ) was obtained in colourless needles m. p. 114—114-5°, b. p. 135-—136° 0-5 mm. (Found 
N, 162 CiuHyN, coprane N, 161% The gw separated from methanol in prisms m. p. 174-5 
Found: N, 16-3, 16-9 Hy, N, requires N, 17-4%). 2-Benryl-3 > 4° 5: 6-tetrasydropyrimidinium 
 Alonide prepared from the hase and hydrogen chioride in acetone, had m. p. 210° (Found: N, 133 
CygH,, NC) requires N, 13-3%) 
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175. Flavonols from the Bark of Melicope ternata. Part III. A 
Synthesis of Quercetin 3:3'-Dimethyl Ether, Quercetin 3:7: 3'- 
Trimethyl Ether, Quercetin 3:5: 7: 3'-Tetramethyl Ether, Ternatin, 
and Related Benzyl Ethers. 


By Linosay H. Briecs and R. H. Locker 


The above compounds have been synthesised by combining Allan and Robinson's flavonol 
synthesis (/., 1024, 186, 2102) and Seshadri's recent methods of nuclear oxidation (Proc. Indien 
fead. Ses, 1068, 28, 4,1 


By combining the above flavonol synthesis, protection of appropriate free phenolic groups by 
formation of their benzy! ethers, and the nuclear oxidation with potassium persulphate (see 
Seshadri, loc. cit., for summary), the 3: 3’-dimethy!, 3: 7: 3’-trimethyl, and 3:5: 7: 3’tetra- 
methyl ethers of quercitin, and also ternatin (5: 4’-dibydroxy-3 : 7 : 8 : 3’-tetramethoxyflavone ; 
ef. Part I, /., 1949, 2157), have been synthesised according to the following scheme 
Condensation of O-benzylvanillic anhydride with w-methoxyphloracetophenone in the 
presence of potasmum O-benzylvanillate at 160--—170° afforded 5 : 7-dihydrory-4'-benzylory-3 : 3’- 
iomethoxyflavone (1), hydrolysed by hydrochloric acid-acetic acid to quercetin 3: 3’-dimethyl 
ether (II). Partial methylation of (1) gave 5-Aydrory-4’-benzylory-3 : 7 : 3’-trimethoxryflavone 
I1I), hydrolysed as before to quercetin 3:7: 3-trimethy! ether (IV), described by Kuhn 
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and Low (Ber., 1944, T7, 202). Complete methylation of (I) produced 4'-benrylory-3 ; 5: 7: 3’- 
tetramsthoxyfiavone (V), hydrolysed as previously to quercetin 3: 5: 7: 3’-tetramethy! ether. 
Nuclear oxidation of (1) with potassium persulphate (cf. Seshadri, loc. cit., and Baker and Brown, 
J., 1948, 2303 for the mechanism of the reaction) introduced a phenolic group at C,,,, forming 
5: 7: &-trihydrory-4'-benzyloxy-3 : 3’-dimethoxyflavone (Vil) in poor yield, which was partly 
methylated to 5-hydroxy-4’-benrylory-3 : 7:8: 3’tetramethoryflavone (VIII). Hydrolysis of 
the last compound, as before, afforded 5 : 4’-dihydroxy-3 : 7 : § : 3’-tetramethoxyflavone (IX), 
identical in all respects with ternatin, the structure of which, suggested in Part I (Joc. cs#.), is 
thus confirmed. 


HO OH OMe Me 
COOCH OMe ; ) rCH Phi} + ) Orc H, Ph 
OH 


¥ 
OMe OMe 


OCH Wh ’ ‘ FC, Ph 
- 
Lr 


OMe 
OCH,Ph 


mo 


OMe 
OCH, Ph 


EXPERIMENTAL 
All m. p.s are corrected 


Methyl O- Bens yivaniliat Methyl! vanillate, m. p. 62 =e pupene from vanillin wa vanillic acid 
Pearl, /. Org. Chem., 1947, 12, 86), esterification being by methy yhol and sulphuric acid (Matsmoto 
Ber, 1878. 11, 128 Methyl vanillate (85 g.. 1 mol.) and potassium hydroxide (27-5 g., 1 mol.) were 
dissolved separately in hot methyl alcohol (total, 125 ¢.c.). Benzyl chloride (0 g., 1 mol.) was added 
and the mixture heated under reflux for 5 bours and filtered hot. The potassium chloride was washed 
with hot methy! alcohol, the combined filtrate concentrated and cooled, whereupon long colourless 
95-5 g.) separated, m P 86-865" (after recrystallisation from alcohol) (Found; C, 70-5; 
< ye sO, requires C, 70-6; H, 50%). ay ' rolysis afforded O-benzylvanillic acid 
m. p. 173-6-—-175-5° (Lovecy, Robinson, and pce 90, 421), converted into the anhydride 
m & 137-5-—-193-5", by treatment with thionyl and pyridine (adem. ibid.). The potassium salt 
of O-benzylvanillate was formed by mixing equimolecular quantities of the acid and potassium hydroxide 
in hot alcohol, and concentration. The silky needles which formed were very soluble in alcohol and 
decom posed and carbonised above 250° 
5: 7-Dihydroxry-4'-benzyloxy-3 : 3'-dimethoxyflavone.-—O-Benzylvanillic anhydride (34 g.. 2-5 mols 
potassium O-benzylvanillate (13-8 g, 1-6 mols), and »-methox (61 g., 1 mol 
Slater and Stephen, /., 1920, 117, 312) were powdered together and heated at 160-170" for 2 hours. The 
powdered cake was dissolved in alcohol ( cc.) and water Ay ¢.c.) con potassium hydroxide 
(30 g.), and the solution was boiled for 10 minutes before the alcohol was off under reduced 
pressure almost to dryness. A yellow precipitate (7-7 g.) formed when carbon dioxide was passed into 
the solution of the yellow residue in water (300 cc.). Pale ne needles separated, nang mn. p 
258250" when crystallised from acetone (Found: C, 68-2; 46. C¢ , requires C, 65-6, i 
47%). The favone is luble in sod carbonate or concentrated h p acid but soluble in 
10% sodium hydroxide solution or concentrated sulphuric acid with a yellow and an intense yellow 
colour, respectively. It gives a brown colour with alcoholic ferric chloride solution and a red 
colour when reduced with magnesium, hydrochloric acid, and alcohol and also with sodium a ™ 
and alcohol followed by acidification 
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6:7: &-Trihydrosy-3 : ¥ -demethoryflasone (Quercetin 3° 3°-Dimethyl Ether).—5 : 1-Dibydroxy- - 
benzyloxy-3 : 3’-dimethoxyflavone (100 mg.) was heated on the water-bath with glacial acetic acid 
(4 <4.) and concentrated hydrochloric acid (2 ¢.c.) for an hour. The flocculent yellow precipitate, 
obtained by pouring the mixture into water, was Ray may by heating on the water-bath for } hour 
end eryetaliined 9 tines them elochel, yichting low plates, m. p. 257-258" (Found: C, 61-8; H, 42. 

Cy, HO, -— ures C, 61-6, H, 42%). The is slightly C iuble in sodium hydrogen carbonate 
solution, readily soluble in sodium carbonate and hydroxide solution with a bright yellow colour, It 
is insoluble in concestrated hydrochloric acid but soluble in concentrated sulphuric acad with an intense 
yellow colcur In a buffer at pH 0-5, stable yellow colour is formed. A brown colour is given with 
alcoholic ferric chloride solution, and a strong red colour when reduced both with magnesium in 
concentrated hydrochloric acid and alcohol and with sodium amalgam and alcohol followed by 
acidification ‘he triacetate of the flavone was produced by dissolving 23 mg. in acetic anhydride 
(0) cc) and one drop of 60% perchiore acid and } hour's keeping. The product, formed by pouring 
into water, separated from ethyl or methyl alcohol in colourless needles, m. p. 199--200° (Pound: C, 
7, HL 45. CybtyO,, requires C, 605; H, 44% 

5-Hydroxy-4 Neusylony-3 7: 3 -trimethoxryflavone.—5 > 7-Dibydroxy-4'-benzyloxy-3 : 3’-dimethoxy 
flavone (320 mg.) was partly methylated by dissolving it in dry acetone (18 c.c.) and heating the mixture 
under reflux for 64 hours with methy! sulphate (0-08 c ¢., 1-1 mols.) and anhydrous potassium carbonate 
(2g). The acetone solution, together with washings of the insoluble salts, was concentrated, yielding 
yellow prisms (68 mg), m. p. ca. 154°. The yellow insoluble salts were dissolved in water, acidified, 
and warmed to coagulate the product, a light yellow solid, m 153-154" (175 mg.). The combined 
product was crystallised 3 ao from alcohol, forming ie reli plates of constant m. p. 151-152 
(Found: C, 688; H, 53. C,,HO, requires C, 60-1 . &1%). The flavone, typical of many 
flavones with a free 5-hydroxy position, is insoluble in 10% Ma hydroxide solution. It is insoluble 
in concentrated hydrochloric acid but soluble in concentrated sulphuric acid with an intense yellow 
cohour A brown colour is given with alcoholic ferric chloride solution, a scarlet colour with magnesium 
hydrechioric acid, and aleohol, and a red colour with sodium amalgam and alcoho! followed by 
acidification 

5 4-Dihydrosy-3 : 7: 3 -trimethoxyfavone (Quercetin 3:7: 3'-Trimethyl Ether The precedin 
flavone (130 mg.) was hydrolysed for an hour at 100° with a mixture of glacial acetic acid (7 ¢.c.) @ 
concentrated hydrochloric acid (35 cc). The product crystallised from alcohol in slender needles, 
m p. 167-1685 Kuhn and Low (lec. cit.) record m. p. 169-—170° for this compound. It is insoluble 
in sxtium carbonate solution or concentrated hydrochloric acid, but soluble in 10°, sodium hydroxide 
solution or concentrated sulphuric acxd with a yellow coloration. A brown colour is given with alcoholic 
ferric chloride, and a scarlet colour both with magnesium, hydrochloric acid, and alcohol and with 
sxdium amalgam and alcohol after acidification. The diacetate, prepared from 20 mg. as previously 
described, after successive crystallisation from ethyl and methyl alcohol, formed prismatic needies, 
m. p. 177-6--178" (Kuhn and Low, loc. est., record m Pp 174-175 

4'-Beneyloxy-3 5.7 3 -tetramethoxyflavone.—-5 . 7-Dihydroxy-4’-benzyloxy-3 : 3’ -dimethoxyflavone 
200 mg.) was completely methylated by heating im dry acetone solution (15 c.c.) with methy! sulphate 
03 «c., 6 mols.) and anhydrous potassium carbonate (| g.) for 3 hours. The acetone solution and 
washings of the insoluble salts were concentrated and gave colourless crystals (170 mg.), which, after 
2 crystallisations from alcohol, formed needles, m. p. 162--163° (Found: C, 605; H, 55. C,,H,,0O, 
requires C, 606) H, 54% The favene is insoluble in 10%, sodium hydroxide solution, slightly soluble 
in concentrated hydrochloric ackl, and freely soluble in concentrated sulphuric acid with weak and 
intensely yellow colours, respectively There is no colour with alcoholic ferric chloride solution, but a 
sarlet colour with magnessum, hydrochloric ack, and alcohol as well as with sodium amalgam and 
alcohol followed by acudlification 

4'-Hydrosy-3 : 5: 7: 3’ tetramethovyfavone (Quercetin 3: 5: 7: 3'-Tetramethyl Ether The ~ eding 
flavone (110 mg.) was hydrolysed with glacial acetic acid (4 c.c.) and concentrated hydrochloric acid 
2 «c) tor an hour at 100 After addition of boiling water (50 ¢.c.) and cooling, pale yellow slender 
needies separated, which, after recrystallisation from alcohol, yielded light yellow prisms, m. p 
203° (Found: C, 63-5; H,&2. Cale. for C,,H,,0,:> C, 63-7; H, 50%). Rao and Seshadri (/ 

771) record very pale yellow, rectangular plates and prisms, m. p. 200-201", for this compound 
flavone is insoluble in sodium hydrogen carbonate solution, soluble in sodium carbonate and sodium 
hydroxide solutions with bright yellow colours, and readily soluble in concentrated hydrochloric or 
sulphuric acid with an intense yellow colour. No colour is given with alcoholic ferric chloride solution 
bet a red colour when redoced both with magnesiom, hydrochioric acid, and alcohol and with sodium 
amalgam and alcohol after acidification. The acetate, prepared as previously from 30 mg., after 
repeated crystalisation from alcohol, formed colourless needles, m. p. 179-5° (Found: C, 63-4; H, 51 
Cale. for ¢ “ay Hay C, 630; H, 50%, Rao —_ Seshadri (Joc. cst.) record m. p. 178— 180 

5:7. & Inhydrory-4'tensyloay 3 | 3 -dimeth: lavone.--5 - 7-Dihydroxy-4’-benzyloxy-3 : 3’-dimeth 
oxyflavone (2:7 g.. 1 mol.) was added to a solution of potassium hydroxide (2:7 g.) in water (450 c« 
Complete dissolution did not oceur owing to the limited solubility of this flavone in aqueous alkali 
Potassium persulphate (3-5 ¢.. 2 mols), dissolved in water (100 c.c.), was added dropwise during 1 hour 
It was found in a trial run that warming to complete dissolution after the addition of persulphate gave a 
better yield than did adding pyridine The mixture was therefore heated to 53°, solution then being 
nearly complete, and set asnie overnight After removal of a yellow sediment (0-4 ¢.), the filtrate was 
acidified fitered, and extracted with ether The aqueous residue was then treated with sodium 
sulphite (6 ¢) and concentrated hydrochloric acid (50 cc) on the water-bath for 1} hours. A brown 
solid (4 g.) separated, which, after repeated crystallisation from aleohot (charcoal), formed deep yellow 
needies, m. p. 198...199° (Pound: C, 660; H, 52. C,,H,O, requires C, 66-1; H, 46% No further 
product could be obtained from the residue by continaous extraction with ether. The favone is insoluble 
in sadium carbonate solution but soluble in sodium hydroxide solution, giving a yellowtsh-brown colour 
which rapidly fades to a colourless solution with black insoluble particles, the solution finally changing 
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to a faint bise. ing tateret ot OCR Snail ace sas yaa It is insoluble 
in concentrated hydrochioric acid but soluble in comcentrated sulphuric acid with an intense yellow 
colour, A dark brown colour is given with alcoholic ferric chloride solution, and a reddish-brown colour 
on reduction with magnesium, hydrochloric acid, and aloohol. Only a weak yellow colour is produced 
De Te ee ee Se 

5-Hydroxy-4'-benzyloxy-3 : 7: 8 : 3'-tetramethoryfavene._The preceding flavone (185 mg.. | mol), 
dissolved in dry acetone, was heated under reflux for 6 hours with methyl sulphate (0-09 c.c., 2-2 mois.) 
and anhydrous potassium carbonate. The acetone solution and wash of the insoluble salts were 
concentrated and acidified with one drop of concentrated hydrochloric ac On —y yellow needles 
separated which, after recrystallisation from aleohol, had m. p. 170-171" (33 ) (Found: C, 67-1; 
H, 5&3. CyHyO, requires C, 67-2; H, 52%). The favone is insoluble in 10%, sodium hydroxide 
solution or Loncentrated hydrochlone acid, but soluble in concentrated sulphuric acad with an intense 
yellow colour. A green coloar ol gen with alcoholic ferric chiorkde solution, and a strong pink colour 
with magnesium, hydrochloric acid, and alcohol, reduction with sodium amalgam and alcohol followed 
by acidification produces a violet colour 

5: 4’-Dihydroxy-3 : 7: 8: 3'-tetramethoxyflavone (Ternatin).—The preceding flawone (26 mg.) was 
hydrolysed with glacial acetic acid (1 c.c.) and concentrated hydrochloric acid (0-5 c.c.) for one hour at 
100 On pouring the solution into boiling water (10 c.c.), pale yellow needles (18 ) separated on 
cooling, which, after recrystallisation from alcohol, had m. p. 210-5-—212-5*, undepressed by a specimen 
of natural ternatin, m. p. 210-212". The ultra-violet and visible ra of the synthetic and the 
natura! specimen were also identical (forthcoming communication). The synthetic product was also 
insoluble in sodium carbonate solution but soluble in sodium hydroxude solution, and gave a green colour 
with ferric chloride solution. The acetate, —— as previously from 6 mg., on crystallisation from 
alcohol, formed colourless needles, m. p. 168 which did not depress the m_ p. of a sample prepared 
from natural sources. The synthetic acetate, like that from a natural sample, is photosensitive, 
becoming orange on exposure to light (Found, on a sample crystallised from both sources: C, 60-8; 
H, 48. Calc. for C,,H,,O,,: C, 60-3; H, 48%). 


The analyses are by Drs. Weiler and Strauss, Oxford. We are indebted to the Chemical Society, the 
Australian and New Zealand Association for the Advancement of Science, the Royal Society of New 
Zealand, and the Research Grants Committee of the University of New Zealand for grants, and one of 
us (RK. H. L.) for a Research Scholarship. 
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By G. M. Bapour, J. W. Coox, and P. A, Onatry. 


The alkaloids of the leaves and bark of several species of Mitragyna have been examined as 
a prelimmary to a mere intensive chemical study of compounds of this claws. Rotundifoline 
has been extracted from the leaves, and rhyncophylline from the bark, of M. ciate. The 
ulentity of rhyncophyline with mitrinermine, suggested by Raymond-Hamet and supported 
by Barger ef al But disputed by Millat, has been established. A new phenolic a aloid, 
mitragynol, has been isolated from M. rotundifolia; its methyl ether has been shown to be 
wentical with dibydrorotundifolme, The hitherto unknown destro-form of mitraphytline has 
been wolated from M. rubrostipulacea. Evidence has been obtained that the base, C,H,,N, 
obtained by Barger ef al by selensum dehydrogenation of rotundifoline is 3: 4-<diethylpyridine, 

Quinovic acid has been extracted from both leaves and bark of several species of Muvagyna, 
and a sterol from the bark of MM. inermis has been identified as 8-sitosterol 


[mis communication is concerned mainly with the isolation and characterisation of the 
alkaloids from several species of Mifragyna, preliminary to a structura! study of this group of 
alkaloids. The genus Mi/ragyna occurs in the natural order Rubiacex, which has provided the 
cinchona alkaloids and also yohimbine. The isolation of several Mitragyna alkaloids has 
already been reported by other workers. These alkaloids include: mitragynine, probably 
Cy,H,O,N,; mitraphylline (rubradinine), C,,H,,O,N,; mitraspecine, C,,H,,O,N, (?); mitra- 
versine, C,,H,,O,N, (?); rhyncophylline, C,,H,,O,N,; and rotundifoline, C,,H,,O,N, Their 
structures have been very little investigated although it is known that only one of the two 
nitrogen atoms is basic and it has been suggested that the other is in an indole ring. Possibly a 
carboline system is present (cf. Ing and Raison, J., 1939, 086). In some of these alkaloids two 
of the oxygen atoms have been shown to be present.in a carbomethoxyl group and one in a 
methoxy! group, but the remaining oxygen atoms have not been characterised. 

‘ Mitrinermine " was isolated from M. inermis O. Kuntze by Raymond-Hamet and Millat 
(Compt. rend., 1934, 199, 587) and also from M. stipulosa O. Kuntze by the same workers 
U. Pharm. Chim., 1934, 20, 577). We have now isolated it from the bark of M. ciliata and 
have established its identity by melting-point comparisons of the free base, its chloroaurate, 
and its chloroplatinate. It was suggested by Raymond-Hamet (Compt. rend., 1936, 208, 1383) 














5. LD ANN NERS 


Badger, Cook, and Ongley : 


that “ mitrinermine “ might be identical with rhyncoplhylline, which Kondo, Fukuda, and 
Tomita (J. Pharm. Soc. Japan, 1928, 48, 321) had isolated from Owrouparia rhyncophylia 
(N. ©. Rabiacew). This view was supported by toxicity experiments with samples 0! 
“ mitrinermine " and rhyncophylline (Raymond-Hamet, Compt. rend. Soc. Biol., 1938, 128 
777) and was accepted by Barger, Dyer, and Sargent (J. Org. Chem., 1939, 4, 418) who isolated 
from the leaves of M. rotundifolia (Roxb.) O. Kuntze an alkaloid which was indistinguishable 
from authentic samples of “ mitrinermine and rhyncophylline, and also a new alkaloid 
rotandifoline. The identity of “ mitrinermine ” and rhyncophylline was later challenged by 
Millat (Ann. Pharm. frang., 1946, 4, 27) on the ground of supposed differences in elementary 
composition, colour reactions with Fréhde’s reagent, melting point, and specific rotation. The 
analytical figures of Akamatsu (Nagasahi Igahhai Zasshi, 1928, 6, 333; cf. Millat, loc. cit.) do, 
in fact, suggest C,,H,,O,N, as the formula for rhyncophylline, but those of Kondo (loc. cit.) 
are in agreement with C,,H,,O,N,, which is also the formula for “ mitrinermine."” Moreover, 
M. Kaymond-Hamet has informed us that the colour normally given by rhyncophylline with 
Fréhde's reagent is due to an impurity. Also, the melting point of mitrinermine is not 203°, 
as cited by Millat, but 215-216" (Raymond-Hamet and Millat, Joc. cif.; Bull. Sci. Pharmacol., 
1934, $1, 533), which agrees with that of rhyncophylline. We have carried out mixed melting 
point determinations with mitrinermine isolated from M. imermis and the alkaloid isolated by 
Barger, Dyer, and Sargent (loc. cit.) from M. rotundifolia and regarded by them as rhynco- 
phylline. There was no depression, and this applies also to the chloroaurates and chloro- 
platinates prepared from the alkaloid from each source. The figures for these were in good 
agreement with those cited by Kondo for the rhyncophylline derivatives. Finally, a careful 
comparison of the specific rotation of the alkaloid from each source, using light of different 
wave-lengths, failed to show any differences. It is noteworthy that the specific rotations of 
this and other Mitragyna alkaloids vary very greatly with concentration. 

Barger ¢f al. (loc. cit.) described some degradation experiments with rhyncophylline. We 
have now obtained evidence that its molecule contains one double bond. Its solution in 
chloroform decolorises bromine without liberation of hydrogen bromide although it gives no 
colour with tetranitromethane. Hydrogenation in acetic acid solution did not take place with 
a palladium catalyst, but with Adams's platinum catalyst there was absorption of one molecular 
proportion of hydrogen 

From the leaves of M. rotundifolia Barger et al. (Joc. cit.) wolated, not only rhyncophylline, 
but also rotundifoline. We have simplified the separation of these two alkaloids and have also 
isolated rotundifoline from the leaves of M. ciliata, from the bark of which we have obtained 
rthyncophylline. Although it is unusual for two alkaloids to occur, one in the bark and the 
other in the leaves of the same species, this is by no means unknown. The co-existence of the 
two alkavids in both M. ciliata and M. rotundifolia suggests a close chemical relationship and 
it may be that rotundifoline is an oxidation product of rhyncophylline 

By the selenium dehydrogenation of rotundifoline Barger ef al. (/oc. ci/.) obtained a mixture 
of bases from which they isolated a picrate, m. p. 134-—135°, of composition indicating a base 
C,H,,N. Witkop (J. Amer. Chem. Soc., 1948, 70, 3713) has shown that this base is not 2 : 4-di- 
methy!-3-ethylpyridine, the picrate of which has a similar melting point. Koenigs and 
Bernhart (Ber., 1905, 3B, 3049) give m. p. 139° for the picrate of 3: 4-diethylpyridine, which 
has the same composition, and we undertook some preliminary experiments on the synthesis 
of this base. Recently Karrer and Enslin (Helv. Chim. Acta, 1949, 32, 1390) have described the 
formation of 3: 4-<hiethylpyridine by degradation of corynanthyrine, which is itself formed by 
selenium dehydrogenation of the alkaloid corynantheine. We were fortunate enough to obtain 
a sample of Barger’s picrate, given to us by Dr. Kiyne, and found that its melting point was not 
depressed by admixture with synthetic 3: 4-diethylpyridine picrate for a sample of which we 
are indebted to Professor Karrer. It would seem, therefore, that 3: 4-diethylpyridine is a 
product of selenium dehydrogenation of rotundifoline 

With bromine in chloroform solution and with palladium and platinum catalysts in aceti 
acid, rotundifoline behaved exactly Lke rhyncophylline. Dihydrorotund:foline, obtained by 
hydrogenation with Adams's platinum catalyst, was isolated and characterised, and rotundifoline 
dibromide was also prepared. Rotundifoline gave a deep yellow colour with tetranitromethane, 
and also gave colours with Mandelin's and Erdmann’'s reagents but not with Fréhde's reagent 
The similarity of the rotations of rotundifoline and dihydrorotundifoline suggests that the 
ethylenic bond in the former is unconjugated and this was confirmed by comparison of the 
absorption spectra, for which we are indebted to Dr. E. Clar who found that the two compounds 
gave almost identical spectra 
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Through the good offices of Dr. W. Kiyne, and the kindness of Drs. Dyer and Sargent, we 
have been able to examine some of the crude phenolic alkaloid extracted by Barger, Dyer, and 


Sargent (loc. cit.) from the leaves of M. rotundifolia. This was purified by chromatography 
on alumina and yielded a new crystalline alkaloid, mitragynol, C,,H,,O,N,, characterised as its 
hydrochloride. The colour reactions of mitragynol with Erdmann’s, Fréhde's, and Mandelin's 
reagents were similar to those of rhyncophylline and rotundifoline, and ferric chloride in ether 
gave a red colour. Tetranitromethane gave an orange colour with mitragynol, but there was 
no other evidence of unsaturation; the compound did not decolorise bromine in chloroform, 
nor did it absorb hydrogen over Adams's platinum catalyst in acetic acid. Mitragynol appeared 
to have the character of a phenol, for it was soluble in sodium hydroxide solution, but not in 
sodium hydrogen carbonate solution, and gave a reddish-brown colour with ethanolic ferric 
chloride. By treatment with diazomethane mitragyno! was converted into methylmitragynol 
which was insoluble in alkali and gave very little intensification of colour with ethanolic ferric 
chloride. Methylmitragynol proved to be identical with dihydrorotundifoline. 

Differentiation between rotundifoline and dihydrorotundifoline was not easy, as the two 
compounds had almost the same melting point and there was no depression on mixing them. 
This applied also to the chloroplatinates and we did not succeed in preparing other crystalline 
salts. However, Barger’s specimen of rotundifoline, isolated from M. rotundifolia, absorbed 
hydrogen equivalent to one double bond and also gave a very dark red colour with ferric 
chloride in ether. These characteristics were likewise shown by the rotundifoline which we 
isolated from M. ciliata, but not by dihydrorotundifoline or methylmitragynol, which we 
regard as identical. Moreover, by treatment of the last two substances with bromine under 
conditions which led to the formation of a dibromide from rotundifoline, brominated products 
could not be isolated. Rotundifoline gave a permanent flocculent precipitate with antimony 
pentachloride in chloroform ; dihydrorotundifoline and methylmitragynol gave only a temporary 
haziness with this reagent. 

Methoxy! determinations on these compounds gave results for which an explanation cannot 
yet be given. The determinations were carried out by Pregl’s micro-modification of the Zeise! 
method. Mitragynol gave a value indicating the presence of two methoxyl groups; methyl 
mitragynol, which is apparently obtained by methylation of a phenolic or enolic hydroxy! 
group also gave a value corresponding with two methoxy! groups. This latter value accords 
with that quoted by Barger et ai. (loc. cit.), which we have confirmed, for rotundifoline. These 
authors found no N-methy! in rotundifoline. It appears, therefore, that the action of diazo- 
methane on mitragynol methylates an acidic hydroxy! group to give a methoxyl group which 
is not hydrolysed under the conditions of the Zeisel determination. An example of failure of a 
methoxy-compound to respond to this analytical treatment had already been encountered by 
Dr. R. Schoental in these laboratories, and her results are recorded in an appendix to this 
communication. In her case lack of solubility may be tho explanation, but this cannot apply 
in the cases of rotundifoline and methylmitregynol (dihydrorotundifoline).* 

Mitraphylline has been isolated from M. rubrostipulacea (Adina rubrostipulata K. Schumann) 
by Michiels (Michiels and Leroux, Bull. Acad. roy. med. Belg., 1925, 56, 403; Michiels, J]. Pharm. 
Belg., 1935, 17, 1049), by Denis (Bull, Acad, roy. Belg., 1937, 28, 174) who named it rubradinine, 
and by Raymond-Hamet (Bull. Sci. pharmacol., 1939, 46, 327); Michiels (J. Pharm. Beig., 
1931, 13, 719) also isolated it from M. stipulosa (M. macrophylla). We have examined several 
samples of M. rubrostipulacea and have isolated levo-mitraphylline from the leaves and dextro- 
mitraphylline from the bark. Michiels (J. Pharm. Belg., 1931, 18, 719) has reported “ inactive 
mitraphylline, and we also have isolated material which showed no optical rotation. 
Mitraphylline gave a yellow colour with tetranitromethane and formed a dibromide. It 
absorbed one molecule of hydrogen when treated in acetic acid with hydrogen and a palladium 
catalyst. With Adams's platinum catalyst one molecular proportion of hydrogen was rapidly 
absorbed, and two further molecular proportions were slowly taken up. 

During extractions of the alkaloids from various species of Mifragyna we have observed 
the presence of a triterpene acid in considerable amount. This acid was isolated from the 
bark of M. inermis and from both bark and leaves of M. ciliata and M. rubrostipulaceae. In 
every case it has been identified as quinovic acid, long known as a constituent of cinchona bark 
(natural order Rubiaceae) (Liebermann, Ber., 1884, 17, 868) and more recently found in 
Zygophyllum coccineum L., an Egyptian plant of the natural order Zygophyllacee (Soliman, 
J.. 1939, 1760). 

We have also ex da ple of sterol kindly given to us by M. Raymond-Hamet, who 

* See also Nunn and Rapson, J., 1969, 3155. 
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isolated it from the bark of M. imermis. Alter purification, determinations of the melting 
points and specific rotations of the sterol, its acetate, and its 3: 5-dinitrobenzoate indicated 
that the sterol was 6-sitosterol (cf. Ichiba, Just. Phys. Chem. Res., Tokyo, 1935, 28, 112; Simpson 
and Wilhams, /., 1937, 733), and this view was supported by direct comparison with authentic 
specimens of §-sitosterol and its corresponding derivatives (Cook and Paige, ]., 1944, 336). 


EXPERIMENTAL 


Rhyncophytlsne A mixture of finely ground MW. inermis bark (15 ke.) and calcium oxide (5 kg.) was 
moistened, air-dried at 60°, and then extracted with hot chloroform in a continuous extractor until a 
sample of extract no longer gave a precipitate with Mayers reagent. After removal of the chloroform 
the resiiual paste was extracted with 3% hydrochloric acid until the residue was free from basic material 
The alkaloid (2 « wes then precipitated by addition of concentrated ammonia solution. 
Khyncophylline then crystallised from methanol in small colourless prisms, m. p. 212-213", not 
depressed by admixture with specimens supplied by Dr. Klyne, extracted from both Mf. inermis and 
M. rotundifolia. The chioroplatinate formed orange prisms (from methanol) which decomposed at 
236° (Kondo et al., loc. 1t., give 238° for the decomposition point of the chioroplatinate of rhyncophyliine). 
The chiorcaurate melted at 132° and then decomposed at 155° (Kondo gives 134° and 155", respectively) 

Similar extraction of the bark (900 ¢) of M. ctltata gave crystalline rhyncophylline (0-1 g.), m 
211°; its chioreplatinate decomposed at 23 237°, and its chioroaurate at 155—157", after melting at 
133°. Mixed m. p. determinations showed no depressions 

A specimen of rhyncophyliine extracted from M. rotundifolia by Barger, Dyer, and Sargent (Joc. cit 
gave a chloroplatinate which formed orange prisms and decomposed at 235° after darkening (Pound 
€, 446; H, 60, Pt, 162. Cale. for CU H,OWN CPt: C, 44-8; H, 5-0: Pt, 16-55%), and a chloro 
aurate which melted at 132° and then decom posed at 155 These values also showed no depressions 
when the specimens were mixed with corresponding compounds of rhyncophylline prepared from 
MM. tmermuis 

Optical Rotation The following measurements, made with chloroform solutions at 19° (J = 1) serve 
to confirm the identity of the alkaloid (/) from M. inermus with that (2) isolated by Barger ef al. (Joc. cit.) 
from M rotundsfola 

a 


Wave-length on enetes . - ie Se -_ 

Sample of source Too uw suo Sow ow, 
on 

12-6 i439 ~16-3 16-6 

146 1s7 17-6 is-7 

isu 220 280 su 

20-4 23.0 28-3 7-2 


Rotations were also measured of solutions in 2n-hydrochioric acid at 19° (/ « 1) as follows (concentrations 
given as weight of base in 100 c.c. of ackl) 


Concn Too “uM “aw Aww 5250 
R 1 i” 1-7 +33 +47 -O67 
1 ie 2 +1-7 +27 +40 60 


Specific rotations given in the literature for rhyncophyliine are ‘a 5 “47 Kondo et al.) and 
1 


a)}f 145 2-5 in chioreform) (Barger of a/ For “ mitrinermine," Raymond-Hamet and Millat 
|. Pharm. Cham. 1034, 20, 577) give « 23-0" (ec, 1-45), 23-1° (¢, 1-51), —26-4 1-45), and 26.5 
é, 1-19) (all in chloroform 
Rotunds folie A mixture of the minced leaves of M. ciliata (500 g.) and calcium oxide (100 g.) was 
moistened, dried, and extracted for 16 hours with hot chloroform The extracted alkaloid was 
ryvtailieed from ethanol (yield, @8 ¢ ) and had m. p. 233°, not depressed on admixture with an authentic 
specimen of the rotundifoline of Barger ef al. (lox t.), who give m. p. 233-—234° The observation 
that rotundifoline is sparingly soluble m chiorobenzene whereas rhyncophyliine is camly soluble made it 
possible to effect a ready separation of these two alkalouis from the crude mixture obtained from 
VW. retwndifola. Polarimetric comparison (in chloroform at 21°; / « 1) of the alkaloid from M. ciliata (C) 
with Rarger's rotundifoline (Ro) confirmed their identity 
Conca TOO 6m) SRO. 55 5250 Sooo Tw) 
210 &5-7 on 6 ’ 5-2 + 163-9 + 184-8" 217-6 
10 a8 076 124 : +1624 184-3 2143 
Barger ¢f al fal + loa 2:14 in chioroform 
The following rotations were observed for solutions of rotundifoline in 2n-hydrochioric acid at 21° 
é, 248 g. per WW cx l 
TOW aso Sou) 4500 5250 Soo 4750 
+4458 4" ooo + 70-6" + 79-0 + 90-7 + 109-6" 
With Mandelin’s reagent rotundifoline gave a brown colour which became olive-green on storage; 
with Fréhcde's reagent there was no colour, and with Erdmann’s reagent no immediate colour but a light 
brown colour developed on storage. A methoxy! determination was carried out on the sample of Barger's 
rotundifoline supplied by Dr. Kiyne (Found : OMe, 16:2. Calc. for C,,H,,O,N,: 20Me, 15-6%). The 
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chloroplatinate of rotundifoline had m. p. 232-234" (decomp.) (Found: C, 434; H, 6&1 
Cyl, ON Cl, Pt requires C, 43-7; H, 46%) 

Kotundifoline was not bydrogenated in ethanolic solution with Adams's platinum catalyst or with 
Kaney nickel at 75°/30 at Attempted micro-hydrogenation in acetic acid with palladium. 
black was likewise unsuce . bet with Adams's platinum catalyst in acetic acid ome molecular 
proportion of hydr was absorbed. Kepetition on a macro-scale led to the isolation of ditydre 
rotundsfolsne, which formed colourless needles (from methanol), m. p. 233°, not dep: d on admixt 
with rotundifoline (Found : C, 656; H, 7-3. C,,H,,O.N, requires ©, 660; H, 7-1 The rotation of 
dihydrorotundifoline in chloroform at 21° (c, 2-41) was as follows 


7000 6.500 5gU0 500 5250, Sudy 4780. 
+ 96-7 + 103-7 +1237" +1477" +1635" + 180-6" + 220-3" 





The chioroplatinate of dibydrorotundifoline had m. p. 224—226° (from methanol), not depressed on 
admixture with the chioroplatinate of methyimitragynol described below 

Kotundifoline was treated with bromine in chloroform at room temperature until no more was taken 
up, and the product was heated under reflux with acetone to reduce perbromide. The resulting 
dibromade was further purified by repeated dissolution in dilute hydrochloric acid and reprecipitation 
with aqueous ammonia. It formed an amorphous powder, m. p. 215" (Found; C, 47-2; H, 48; Br 
248. C,H,,.O,N,Br, requires C, 47:3; H, 47; Br, 286%). 

3:4 yipyridime Picrate.—A sample of the picrate of the base formed by selenium 
dehydrogenation of rotundifoline (Barger, Dyer, and Sargent, loc. cit.), given to us by Dr. Kiyne, had 
micro-m. p. 131-133". Its m. p. was not depressed w the salt was mixed with a specimen of 
3: 4-diethylipyridine picrate (micro-m. p., 124-136") presented by Professor Karrer 

Mitragynol.—The pale brown amorphous phenolic alkaloid (10 g.) from M. rotundifolia (Barger 
et al, loc. cit), for which we are indebted to Dr. Klyne, was dissolved in chloroform (100 ¢.c.), and its 
solution passed through a column of alumina (2 x 12 cm.), previously saturated with benzene. The 
column was eluted with chioroform (150 c.c.). Evaporation of the solvent gave an amorphous mass 
which crystallised on storage with methanol jyeeid of colourless crystals, 5-5 ¢.). Alstragynol crystallined 
from methanol in colourless transparent needles which became opaque on storage. After being dried in 
a vacuum, it had m. p. ca. 130°, depending on the rate of heating (Found: C, 66-3; H, 60; N, 71 
OMe, 15-45, 14-8. C,,H,,O,N, requires C, 66-25; H, 68; N, 7-25, 20Me, 160%). Specific rotations 
at different concentrations and wave-lengths were : 


Coeacn , 52m). ooo. 
OF 21° 

66 a4 

-12:3 i32 


The Aydrochloride, prepared in aqueous solution and recrystallised from water, formed colourless 
needles, m 212—216° (Found: C, 506; H, 62; N, 68. C,,H,,O,N,C! requires C, 506; H, @4; 
N, 66% The analytical specimen was dried at 100° in vacuo Specific rotations in aqueous solution 
at 21° (¢, 3-75; | = 1) were 


7000 6500 5900. 5500 f 500 4750, 
~we —-s¥ —42-9° ~Si4 -43 ~Ti« 


With Mandelin’s reagent mitragynol gave a transient brown colour, changing to olive-green; with 
Fréhde's reagent there was no colour and with Erdmann’s reagent a very faint brown colour on storage 
Tetranitromethane gave an orange colour. Mitragynol gave no sparingly soluble chioroplatinate and did 
not absorb hydrogen in acetic acid over Adams's platinum catalyst 

For methylation, a solution of mitragynol (0-6 g.) in ether and methanol was set aside overnight with 
excess of ethereal diazomethane. The residue obtained by evaporation was recrystallised from methanol, 
giving colourless needles (0-46 g ), m. p. 232—-233°, not depressed on admixture with dihydrorotuadifoline 
(above) (Found: C, 65-8; H, 69; OMe, 154. Cale. for C,,H,,O,N,: C, 660; H, 7-1; OMe, 15-6%), 
Identity was confirmed by preparation of the cAloroplatinat, which c liised from ethanol in orange- 
yellow prisms, m. p. 224—226" (Found: C, 43-6; H, 51; Pt, 15 CyulHOwN Ci,Pt requires C, 
43-6; H, 48; Pt, 16-19%). The following rotations (in chloroform at 21°; J = 1) were observed with 
the dihydrorotundifoline (methylmitragynol) prepared in this way 


6500 5900. 5500 5250 S000 4750. 
+ 102-1° +122-6° +l +1634" + 186-9" +2183" 
+ 100-7 +1263 +1512 + 166-9 +15 + 223-8 
+ 108-7 +1280 +149 +1780 + 202-4 + 225-6 


Mitraphylisme.—(a) Finely ground bark of M. rubrostipulacea (500 g.) was mixed with calcium oxide 
(125 g.), moistened, air-dried, and extracted for 16 hours with hot chloroform. The mitraphylline 
recovered from the extract formed — colourless needles, m. p. 262° (from methanol), and gave a 

icrate, m. p. 165° (Raymond-Hamet Millat, Bull. Sei. Pharmacol., 1935, 42, 602, give m. p. varying 


tween 258° and 267° for the alkaloid, and Denis, Joc. cit., gives m. p. 166° for the picrate). Specific 
rotations of the base in chloroform at 21° (/ « 2) were : 


7000 6500. 5900. SHAW. 5250. 5008 478) 
+43 +54 +71" +92” +il7 +les +1" 
2-5 +35 +46 +56 +77 + 10-2 +133 
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Ie 2n-hydrochioric acid at 21° (J 1: concentrations in g. of base per 100 ¢.c.) the rotations were 


Conen TOOG 6m ‘ § 5250. a 47) 
2-70 rine ne ‘ +1" +375 410° 
1-36 -lan +176 i +i +326 + 363 + 40-8 


(6) Finely ground leaves of M. rubvostipulacea (AW g ), extracted similarly, gave the same alkaloid 
(25 ¢), m. p. 261° alone or mixed with the sample described in the previous paragraph or 
with mitraphyliime kindly given us by M. Raymond-Hamet. The picrate had m. p. 166", not depressed 
by the picrate of the alkaloid from the bark A sample of leaves supplied about 6 months later gave 
only one-tenth of the amount of alkalox! for the same weight of leaves: this was levorotatory, having 
a 7-4° (¢, 1-20 in chioreform) (Found : C, 663; H,70;, N, 7-3; OMe, #5. Cale. for C,,H,.O,N, 
‘ 0, H, 70; N, 76; OMe, 84%). For mitraphylline in chloroform, Raymond-Hamet and Minat 
(lee. ett.) give [ap —7-T* le, 39) and —5-8* (c, 1-2), Raymond-Hamet (Bull. Sci. Pharmacol., 1939, 4, 
327) gives [a)j? ~—9-8" ic, O51) and Denis (loc. cit.) gives [a)p —-22-27° (c, 4-8), whereas Michiels and 
Delvaux (). P Belg, 1931, 18, 719) describes mitraphyiline as having zero rotation. More recently 
we also have extracted the alkaloid from about a hundredweight of bark and leaves of M. rubrostipulacea 
and have isolated optically inactive mitraphyiline 

Microhydrogenation of mitraphylline in acetic acid over Adams's platinum catalyst led to absorption 

4 3 moles of hydrogen. The first molecule was taken up in 14 minutes, and the other two each required 
40 minutes. Microhydrogenation over palladium-black led to absorption of one mole of hydrogen 

Treatment of mitraphylline with bromine in chloroform at room temperature gave an amorphous 
product which was heated under reflux with acetone to decompose perbromide and then purified by 
tepeated solution in dilute hydrochloric acid and reprecipitation with aqueous ammonia. The dibromide, 
af amorphous powder, m. p. 105-198", was converted into its chloroplatinate which formed small yellow 
leaflets (from methanol) and decomposed at 19° (Found C, 44; H, 395; Pt, 12-5 
Cal ON Ci, tir, Pt requires C, 34-3, H, 3-7; Pt, 133°) 

snowte Acid. —-The M. mermis bark from which the alkaloid had been extracted (above) was kept 
for 24 hours in 10%, sodium carbonate solution (20 galis.), and then percolated with a further equal 
volume. The bark was pressed manually, and the combined extracts were treated with ‘ Supercel " 
and then acidified with 15%, hydrochloric acid. The filtered precipitate was re-dissolved in alkali 
and reprecipitated after filtration from the “ Supercel."" The crude acid was purified by repeated 
rystalieation from ethanol, with charcoal The yield of almost pure acid was 50 g 

The pure acid formed colourless crystals (Found : C, 73-8, 74-1; H, 93, 94%; equiv., by titration, 

240, 248,240. Cale. for Cy H,,0,: C, 740, H, 95%; equiv., 243), m. p. 208° (alone or mixed with an 
suthentic specimen of quinovic acid kindly presented by Professor L. Ruzicka), (alff + 90° (c, 2-48 in 
pyridine). For the potassium salt (concen. expressed as g. of acid in potassiom carbonate solution) 
, 80” (c, O08) (lit. : m. p. of quinovic acid, 208°; [a)}f of potassium salt, +87 

The methyl! ester prepared with excess of ethereal diazomethane, formed colourless crystals (from 
light petroleum), m. p. 172-173", not depressed in admixture with an authentic specimen of methyl 
quinovate. It had (a jf +117-4" (¢, 212 in chloroform) (lit.: m. p. 173—174°; [a)}? +115-2°, +116-8 
in chloroform 

The acety! derivative, prepared by heating the acid with excess of acetic anhydride under reflux 

rystallised from methanol in colourless needies, m. p. 281—-282° (lit., 284") (Found: C, 73-0, 72-8 
H, 006,902. Cale. for C,H,O,: C, 726; H, 015% 

Quinovic acid was also isolated from both bark and leaves of M. calata and M. rubrostipulacea. The 
following constants were given by the various specimens, and in all cases mixed m. p.s with authentix 
amples were carried out The specific rotations are for the potassium salt, in water 


ab 


MW. emerenis W. csliata 
bark leaves 
we 208 
+87 +87 
af acetyl derivative 28i—: 280281 283° 
of methyl! ester 72 172-178 171-—173 


B-Sitosterol from M. inermis..A sample of a sterol obtained from benzene extracts of imermis 
bark, after removal of rhyncophylline, was presented to us by M. Raymond-Hamet. Repeated 
recrystallisation from methanol gave crystals of m. p. 134-—135° and (a)? —35-6 1-54 in chloroform). 
This sterol, which was unsaturated, was converted into its acetate by acetic anhydride in pyridine at 
oom temperature, and into its 3: 5-dinitrobenzoate by 3. 5-dinitrobenzoy! chloride in boiling pyridine. 
The m. p.sof the sterol and its two derivatis yt depressed on admixture with 8-sitosterol and the 
orresponding derivatives, isolated | ge (l ew.) from Calycanthus floridus, and the 
atisfactory agreement between constant iwen if » following table, confirms the identification of 


+} ' as 
” sterol from . imerves : t 


Sterol from M. inermi §-Sitosterol 
M. p. of sterol 134-135 137-5-—138-5°! 
a\p of sterol 35-6 MO? 
M. p. of acetate 128 26-5--127-5"4 
a)p of acetate 38-5 “7 
M. p. of 3. 56-dinitrobenzoate 203-— 204° s— 209°) 
a)p of 3: 5-dinitrobenzcate 20-74 21-74 


' Cook and Paige's values (foe. eif.), gv. for figures given bv earlier workers. * 20 in chloro- 
form at 21 * Simpson and Williams, /., 1937, 733. * ¢, 1 29 in chloroform at 20 





1950) “ Leaf Alcohol’, etc. 873 


This work was carried out during the tenure of an 1.C.1. Research Fellowship by GM. B. and of a 
Coats Fellowship by P.A.O., for both of which we express our indebtedness. The investigation has 
been made possible by the greatly appreciated tion of Sir John Simonsen, F.R.S., Director of 
the Colonial Products Kesearch Council, and of the Conservator of Forests, Nigeria, who arranged 
for the »ply of African botanical material. We also express our gratitade to Messrs. Duncan 
Plockhart my A carrying out bulk extractions, and to the following for gifts of compounds : Dra. W. Klyne, 
E. Dyer, and L. J. Sargent (for rotundifoline, rh viline, crude mitragynol, and the picrate of a base 
formed by dehydrogenation of rotundifolime); M ymond-Hamet (for mitraphytline, rhyacophylline, 
and the sterol from M. mermis); Professor L. Ruzicka (for quinovic acid and its derivatives), Professor 
i. Karrer (for 3 : 4-diethylpyridine picrate). Microanalyses were carried out by Mr. |. M. L. Cameron 
and Miss K. H. Kennaway 


Arrenpix. By Miss R. Scnornrat 


In connection with a stady of the metabolic oxidation products of some polycyche aromatic 
hydrocarbons, specimens have been prepared of the dimethyl ethers of the anthraquinols 
formed by alkaline reduction of three anthraquinone derivatives. Unexpected difficulty was 
encountered in the analysis of 9 : 10-dimethoxy-1 : 2: 5: 6-dibenzanthracene. Three attempts 
(by Mr. J. M. L. Cameron) to estimate the methoxyl content by Pregl's micro-modification of 
the Zeisel method gave a zero value, although the compound should contain two methoxy! 
groups. There can be little doubt that the structure is correctly assigned, for it is supported by 
the method of preparation and the elementary analysis of the compound and its picrate; 
moreover, the ultra-violet absorption spectrum of the dimethoxy-compound resembles very 
closely that of 1: 2: 5: 6-dibenzanthracene (Mayneord and Roe, Proc. Roy. Soc., 1935, A, 
152, 320), with a shift towards the region of longer wave-length, which amounted to 100 a. for 
the longest band. This failure to hydrolyse the dimethyl ether is possibly caused by sterk 
hindrance, but the compound is very sparingly soluble and this may be a contributory factor 
[wo other compounds of similar structure gave somewhat low values for the methoxy! content 
which however clearly indicated the presence of two methoxy! groups in each case 


For preparation of these ee ee eee ,ounds, the appropriate quinone was heated with zinc dust, 
aqueous sodium hydroxide, and methy! sulphate, the alkali and methy! sulphate being added alternately 
in small portions until the alkaline solution was almost completely decolorised. The product was 
extracted with benzene and the strongly fluorescent benzene solution was purified by chromatography 
m alumina. The concentrated benzene eluates were treated with light petroleum 

@ . 10-Dimethery-1 2 ee formed colourless rhombic plates, m P 137-138" (Pound 
C, 83-35; H, 57 OMe, 193. C O, s uires C, 83-3; H, 56; OMe, 21-5%,) (cf. Berenblum and 
Schoental, Cancer Res., 1943, 3, "sod 0-Dimethoxy-1 ; 2: 7: §-dibenzanthracene could not be 
obtained crystalline, but formed a s- ~ sn complex which crystallised from ethanol in orange 
yellow needles, m. p. 157-158" (Found: C, 66-35; H, 3-85; N, 7-7; OMe, 99. CyH,.O,N, requires 
c, 653 H, 358 N, 76; OMe, 112%). ©: 10-Dimethory-1 : 2:5: 6-dibensanthracene formed 
colourless rhombic crystals, m. p. 234-—235-5" (Found: C, 663; H, 55. C,,H,,O, requires C, 85-2 
H, 54%): its dipicrate crystallised from benzene in deep-red needles, m. p. 183-184" (decomp.) (Found 
| 2: H, 2-9, N, 106-5. C,,.H,,O,,N, requires C, 54-3; H, 3-0; N, 10-56%). 


University or GLascow Received, November 18th, 1049., 


177. “ Leaf Alcohol” and the Stereochemistry of the cis- and the 
trans-n-Hex-3-en-l-ols and -n-Pent-3-en-1-ols. 


By Lestre Cromere and Srantey H. Harper. 


The stereochemistry of “ leaf alcohol’ is examined. The compound is shown to be cis- 
hex-3-enol, thus confirming the suggestion of Stoll and Rouvé. akei's assignment of the 
trans-configuration to it ts m y based on the properties of a synthetic hexenol, which is 
not the true sterecisomer of “ leaf alcohol’ and is probably not homogeneous. Authentik 
trans-hex-3-enol is described and certain melting-point anomalies are 

The infra-red absorption spectra of cis- and trans-hex-3-enol are examined and the 

preparation of cis- and trans-pent-3-enol is described. 


I~ connection with our investigations of the sterochemistry of cinerone (Harper, ]., 1946, 
892; Crombie and Harper, Nature, 1949, 164, 534), jasmone (Crombie and Harper, forthcoming 
publication), and related compounds, it became necessary to have available specimens of the 
cis- and the trans-form of pent-3-enol and of hex-3-enol. One stereochemical form of hex-3- 
enol is widely distrubuted in nature as “ leaf alcohol ” (Walbaum, J. pr. Chem., 1917, [ii), 96, 
245; Takei, Sakato, Ono, and Kuroiwa, J. Agric. Chem. Soc. Japan, 1938, 14, 708; Bohnsack, 











874 Cromiie and Harper: “ Leaf Alcohol” and the Stereochemistry of 


Ber, 1041, 74, 1575, 1042, 75, 72; 1043, 76, 564). It is usually isolated from green-tea oi! 
or from the tailings of Japanese peppermint oil, in which it occurs as the phenylacetate, and 1s 
used in perfumery since it possesses the characteristic smell of green grass and leaves. Although 
its structure as a hex-3-enol is fully established, its stereochemical configuration has been the 
subject of dispute (Takei, ibid., 1940, 73, 950; Stoll and Rouvé, ibid., p. 1358). The synthesis 
of “leaf alcohol” by Stoll and Rouvé (Helv. Chim. Acta, 1938, 21, 1542), through the 
semihydrogenation of bex-3-ynol with a colloidal palladium catalyst, strongly favoured the 
cis-configuration. This was further supported by the presence of bands at 1267 and 1655 cm.* 
in its Kaman spectrum (Ruzicka, Schinz, and Susz, ibid., 1944, 27, 1561; cf. Grédy, Bull. Sa 
chim, 1935, 'v), 3. 1101). However an isomeric sharper-smelling hexenol had been prepared 
by Kuzicka and Schinz (Hele. Chim. Acta, 1934, 17, 1602) and by Takei, Imaki, and Tada 
(Ber., 1935, 68, 953) by Bouveault-Blanc reduction of ethy! sorbate, which was accepted as the 
stereoisomer of " leat alcohol.”” The derivatives of this hexenol melted at lower temperatures 
than those of “ leaf alcohol “ (see the table; but for a more comprehensive list see Takei, Sakato, 
Ono, and Kuroiwa, loc. cit.), a fact which led Takei to reject the ¢rans-configuration for the 
former and to regard it as the cis-, " leaf alcohol becoming the trans-isomer. 

Since the Bouveault-Blanc reduction of ethyl sorbate gave a poor yield we have prepared 
trans-Aes-3-enol by the lithium aluminium hydride reduction of trans-hex-2-enoic acid.* This 
acid was made by the Knoevenagel condensation of n-butaldehyde with malonic acid, using 
triethanolamine as catalyst (Boxer and Linstead, /., 1931, 740; Linstead, Noble, and Boorman, 
J., 1933, 657). It is reasonable to assume that this reaction gives a trans-acid since Lane, 
Fentress, and Sherwood (/. Amer. Chem. Soc., 1944, 66, 545) prepared a pent-2-enoic acid from 
croty!l chloride, which from the conditions of its formation has the trans-configuration, and this 
was identical with the pent-2-enoic acid prepared by the Knoevenagel condensation of 
propaldehyde (Linstead, Noble, and Boorman, Joc. ci.). It is therefore considered that this 
hex-2-enoic acid and the hex-3-enol prepared from it have the frans-configuration. This 
conclusion has been confirmed by Dr. F, Sondheimer (private communication ; succeeding paper) 
who has obtained an identical hexenol by the reduction of hex-3-ynol with sodium in liquid 
ammonia, a process that is known to give the pure frans-ethenoid product (Campbell and Eby, 
ihid,, 1041, 63, 216, 2683; Campbell and Campbell, Chem. Reviews, 1942, 31, 90; Greenlee and 
Fernelius, |. Amer. Chem. Soc., 1042, 64, 2505). 

This trans-hex-3-enol was clearly different from Ruzicka and Schinz’s hexenol for it had a 
powerful but pleasant chrysanthemum-like odour and its derivatives melted at higher 
temperatures (see the table). The Il-naphthylurethane of the alcohol prepared by the 
HKouveault-Blanc reduction depressed both the melting point of the l-naphthylurethane of our 
trans-hex-3-enol and that of “ leaf aleohol.”” The identity of Ruzicka and Schinz’s hexenol is 
not certain, but it may be a mixture of hex-3-enols and hex-4-enols, for the derivative melted 
rather unsharply. It is relevant that Goldberg and Linstead (/., 1928, 2343) showed that 
«xhum amalgam reduction of sorbic acid gave a mixture of hex-2-enoic and hex-3-enoic acids 

hydrosorbic acid which had previously been regarded as a homogeneous substance 
Furthermore, Fischer and Wiedmann (4 nnalen, 1936, §22, 1) state that reduction of sorbaldehyde 
with sodium in ethanol gives a mixture of hex-3-enol (~66°,) and hex-4-eno! (~33°, 

Although the melting points of the I-naphthylurethane and 3: 5-dinstrotenzoate of tran 
hex-3-enol were very close to those of the corresponding derivatives of “leaf alcohol,” on 
admixture large depressions were observed. The p-sitrophenylurethane and the p-diphenylyl- 
urethane of trans-hex-3-enol, however, melted at higher temperatures than the corresponding 
derivatives of “ leaf aleohol Leaf alcohol” is clearly not trans-hex-3-enol. Furthermore 
these melting points invalidate Taket's argument and there is no doubt that from the method of 
synthesis, the Raman spectrum, and by exclusion “ leaf alcohol "’ is cs-hex-3-enol 

We have examined the tailings from the distillation of Brazilian peppermint oil (Mentha 
{rvensts) as a likely source of “ leaf alcohol,”’ although we are not aware of its presence having 
been previously recorded. Distillation gave fractions containing ester and the richest was 
hydrolysed to vield an exceptionally pure specimen of “ leaf alcohol.” The steam-volatile 
oily acul failed to crystallise when seeded with phenylacetic acid, from which it would appear 
as if leaf alcohol "' is not present as the phenylacetate in Brazilan peppermint oil. 

The infra-red spectra of few cis-trans pairs of olefinic hydrocarbons have been measured, 
but it is now generally accepted that an absorption band at 10-3 u. is due to the flapping 


vibrations of the hydrogen atoms about a frans-double bond of the type 


* Following corrent Journal practice the carboxyl group is not aumbered im this and other acids. 
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Properties of cas- and trans-hea-3-enol and -peni-3-enol. 


Product from LiAIH, Product from 
reduction. Bou vean!t- Blanc 
reduction. 
Hex-3-enol § 50 60° /12 mm.* 
. : 1.4376 
1-Naphthylurethane ‘ 
3. 5-Innitrobenzoate 
p- Nitrophenylurethane 
p- Diphenylylurethane ) 91-0915" 


cus 


Pent-3-enol 130-141" 
1 4386 


1-Napbthylurethane . . ss 89° 
* Data taken from Ruzicka, Schinz, and Susz (Joc. cif.) and from Takei, Imaki, and Tada (/ee. ¢it.). 


(cf. Rasmussen, Brattain, and Zuceo, J]. Chem. Physics, 1947, 15, 135). There is some evidence 
too that an absorption maximum at 14 u. in an olefinic hydrocarbon is to be associated with a 
cis-double bond of the type >c==c< Kt" (Anderson and Seyfried, Analyt, Chem,, 1948, 20, 
998; Hall and Mikos, sid., 1949, 21, 422; Hampton, tbid., p. 923). However, information on 
the infra-red spectra of olefinic cis-trans pairs other than hydrocarbons is very sparse. FElaidic 


Fi. 1. Fie. 2 
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acid (trans-) has a strong band at 10-3 yp. which is almost absent in oleic acid (cis-), and this 
band is also present in the spectrum of vaccénic acid (fvans-). Both oleic and elaidic acid 
show absorption at 13-8—13-9 p. (Rao and Daubert, J. Amer. Chem. Soc., 1948, 70, 1102). 
The infra-red spectra of cis- and trans-hex-3-enol therefore seemed of interest and were kindly 
determined by Miss |. M. Friedmann (see Figs. 1 and 2). The hydroxy! band at 9-5 yu. is strongly 
in evidence in both spectra, but the trans-alcohol shows a strong band at 10-3 yu. which is of very 
low intensity in the spectrum of the cs-alcohol, whereas the intensity of absorption at 13-9 u 
is markedly higher for the latter. These observations fall into line with the results quoted 
above and provide further evidence that “leaf alcohol” has the cis-configuration. 
Corresponding with the disappearance of the 10-3 yp. band characteristic of the trans-alcohol 
we find that a new band appears at 11-5 yu. in the spectrum of the cis-alcohol. There are also 
other minor differences between the two spectra, Observation of the bands at 10-3 w., 11-5 w., 
and 13-9 uw. may therefore be of considerable assistance in the assignment of geometrical 
configurations to compounds of the type CH,R*CH°CH-CH,R’, where K and R’ may be other 
than alky! groups. 
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Three preparations of pent-3-enol have been described in the literature. Goethals 
(Natuurwetensch. Tijds., 1937, 19, 184; Bull. Acad. roy. Belg., 1937, 'v), 28, 721; Bull. Soc 
chim. Belg., 1937, 46, 409) attempted to prepare pent-3-enol by the Bouveault-Blanc reduction 
of ethy! pent-2-enoate but even under the best conditions the product was a mixture containing 
some 25% of mamyl alcohol. From the Raman data given by Goethals the unsaturated 
component appears to be trans. Goering, Cristol, and Dittmer (J. Amer. Chem. Soc., 1948, 
70, 3314) have described the preparation of a pent-3-enol of unspecified configuration by the 
lithiam aluminium hydride reduction of methyl pent-2-enoate. Unfortunately these workers 
failed to characterise their product by crystalline derivatives, but from the method of 
preparation of the pent-2-enoic acid (hydrolysis of but-2-enyl cyanide, derived from crotyl 
chloride) we consider that it is largely or entirely trans. Finally Normant (Compt. rend., 1948, 
226, 733), by ring fission of 3-chloro-2-methyltetrahydrofuran with sodium, prepared a pent-3- 
enol which was not homogeneous. We had independently explored this route and shown that 
the product is a mixture of cis- and frans-pent-3-enol, and the evidence for this will be reported 
shortly. The mixed pent-3-enols were brominated in ether, and the dibromide dehydro- 
brominated by sodamide in liquid ammonia to give pent-3-ynol. From this, authentic pure 
css» and frans-pent-3-enol have been prepared. frans-Pent-3-enol was made by reduction with 
sodium in liquid ammonia (cf. Sondheimer, joc. crt.), while the cis-isomer was obtained when 
the pentynol was hydrogenated over a palladium-—calcium carbonate catalyst at room 
temperature. The two pent-3-enols had closely similar physical constants (see the table), but 
the I-naphthylurcthane of the trans-alcohol was a little higber-melting than the cis-derivative. 
The possibility that the cis-pent-3-enol contained a minor proportion of frans-isomer was 
considered, since it has been reported that semi-hydrogenation over Raney nickel or a supported 
nickel catalyst did not cause 100%, cis-reduction (Henne and Greenlee, |]. Amer. Chem. Soc., 
1943, 65, 2020) However, the proportion must be quite small, for the cis-hex-3-enoic acid 
derived from it was pure and we have found that the trans-acid is readily detected in derivatives 
of the cts-acid 


EXPERIMENTAL 


Microanalyses are by Drs. Weiler and Strauss, Oxford. M. p.s are uncorrected. The infra-red 
absorption spectra were determined with a Grubb Parsons spectrometer using the pure liquids in a 
cell of 30- » thickness 

cis-Hex-B-enol ( Leaf Aleohoi"’).--The “ leaf alcohol” used and a sample of its 3: 5-dinitro 
benzoate were generously Pane ‘to us by Dr. M. Stoll and had been isolated from Japanese pep 
mint oil. On redistillation the main portion of the alcohol had b. p. 65—67°/19 mm., nf 1-4384 
We prepared the I-naphthylurethane, m. p. 69-70", which crystallised as colourless needles from light 
etroleum (b. p. 60-80"), in which it was rather more soluble than the frans-derivative. In a search 
or derivatives differing in m. p. from those of frans-hex-3-enol we epee also the p-"itrophenyl- 
urethane as colourless crystals o peverteie cft.o — light petroleum | (b. p. 40-—60"}), m. p. 725 
73-6" (Found: C, 500; H, @1; N, thd N, requires C, 50-1; H, 61; N, 10-6%), and the 
p dsphenylylurethane ay ——- prisms from fit petroleum (b. p. 80—100°)), m. p. 91-0-—91-5" 

Found: C, 77-2; H, 725. C,,H,,O,N requires C, 77-25; H, 7-29 

The sample of the high-boiling fraction of Brazilian Mentha Arvensis oil, kindly supplied by 
Messrs. W. J. Bush & Co., had b. p. above 200° and a portion (220 g.) was therefore roughly fractionated 
in vacuum to give i) b. p. up to 100°/20 mm. (11 g.), (i) b. p. 100-—-120°/18 mm. (85 g.), (iit) b. p 
135-—150°/18 mm. (54 g), and (iv) b. p. 150-—165°/18 mm. (52 ¢ Fractions (ili) and (iv) gave 
saponification equivalents corresponding to 31 and 45%, of ester respectively, calculated as hexenyl 
sheny lacetate Fraction (iv) was hydrolysed by adding it in portions to a warm solution of potassium 
L dronide (20 g.) in water (75 ml.) and completing the hydrolysis by heating the mixture on the steam- 
bath for Zhours. Next day the hydrolysate was steam-distilled and the first 400 ml. of distillate were 
extracted with ether. The extract was dried (K,CO,) and distilled through a short column to give 

leaf alcohol" (6-2 g.), b. p. 164—157°, wh? 14383. The I-naphthylurethane, m. p. 7.1-0-—-71-5", was 
slightly purer than that prepared from Dr. Stoll's bexenol, crystallising more readily in superior form, 
but gave no m. p. depression on admixture. Continued steam-distillation yielded a yellow oil, b. p 
above 200°, evidently a neutral constituent of the original oil. The alkaline solution was then acidified 
and again steam-distilled, to yield an oily acid which did not crystallise when seeded with phenylacetic 
acid. It has not been further examined 

trans-//ex-3-encl —trans-Hex-2-enoic acid was prepared by the method of Linstead, Noble, and 
Hoorman (Jee. eo.) and purified by partial freezing and rejection of the liquid layer. An ethereal 
solution of the acid (2-80 ¢) was added slowly to lithium aluminium hydride (0-05 g.) dissolved in 
anhydrous ether (40 ml The reaction was completed by refluxing for one hour, cooling, and addition 
of water to destroy the excess of lithium aluminium hydride. The ethereal layer was washed with 
dilute acid and alkali, and on distillation gave trans-Aer-3-enol (1-61 g.), b. p. 51—53°/9 mm., ae 
14374 (Found: C, 720; H, 12-2 Coty bay C, 71-9; H, 121%). The 1l-napAthylurcthane 
formed needles (from ight petroleum), m hy 70° (Found: C, 758; H, 7-2; N, 56. C,,H,,O.N 
requires C, 76-8. H, N, 5-2%), and when mh with the | naphthylurethane of cis-hex-$-enol 
{1 1) melted at once yo. placed in a bath at 58°. The 3: 5-dinitrobenzoate crystallised from light 
petroleum (b. p. 40-60") in a freezing mixture and after one crystallisation had m. p. 43—46°; four 
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iene ces San a 47-45 * (Found : C, 53-4; H, 406; N, O45, Cult ON, requires 
53-05. H, 48; N, 95%). had m. p. 84—85" (Found :C, 89-9:"H, 615. 
N. 11-0%), and the ue p. 99-S° (Pound: C, 77-3; H, 715%) | There disteasiens 
were prepared from trans-hex- made by a new method (to be published) which gave a I-naphthyi 
urethane and 3° 5-dinitrobenzoate identical with those described above) The anthraquinone-?2 
carboxylate, in our hands, proved an unsatisfactory Pm ne it was ieeuned in low yield, was difhoult 
to obtam crystalline, was photosensitive, and often showed a double m. p. (49--50° and 68-70") 

Hexenol from the Bouveault-Blanc Reduction of Ethyl Sorbete.—-We are indebted to Prof. L. Ruzicka 
for the gift of a small specimen of the |-naphthylurethane of this hexenol (cf. Ruzicka, Schinz, and 
Susz, joc. cit). It sintered at 50—60", melted to a turbid yellow melt at 6163-5", which became 
clear at 64-56 

Pent-3-ynol.— The css-trans-mixture of pent-3-enols (74 ©). prapused by the ring fission of 3-chioro-2 
methyltetrahydrofuran, was diluted with ether (75 mil.}, bromine (141 ¢.) added dropwise, the 
temperature being kept below 25°. The ether was then sucked off by a water pump. If the temperature 
3 allowed to rise much above 25° there is a tendency for hydrogen bromide to be eliminated with the 
tormation of 3-bromo-2-methyltetrahydrofuran eanwhile sodamide was prepared by dissolving 
sodium (70 g.) } a ammonia (1-5 1) in the ce of an iron catalyst (Vaughn, Vogt, and 
Niewwinad, |. 4 Chem. Soc., 1934, 6, 2120) 3: 4-dibromopentanol was then added rapidly 
to the stirr solution of sodamide in liquid ammonia and stirred for 4 hours. A layer of ether was then 
added and the ammonia allowed to evaporate overnight. Next morning ammonia solution (d 0-880) 
and then water were added; the aqueous layer was thoroughly extracted with ether, and the bulked 
extracts were washed and dried ractional distillation gave pent-3-ynol (24-3 ¢), b. p. 164—157 
nh 14554 (Found: C, 605; 604; H, 995, 97. Cale. for C,H,O: C, Ti-4: H, 96%). The 
l- rr formed needles (from light petroleum (b. p. 60-—80")), m. p. 119° (Found: C, 76-0 
H, 61. C,,H,,O,N requires C, 759; H, 60%). A considerable quantity of a bromopentenol 
3- or 4-bromopent-3-enol), containing viny! bromide, was recovered from the higher-boling fractions, 
b. p. 99°14 mm., aff 1-4807. 

cis- Pent-3-enol.—Pent-3-ynol (52-5 g.) was bydrogenated at room temperature and atmospheric 
pressure in the presence of a palladium-caicium carbonate catalyst (1-5 g., 10%, of Pd) without use 
of a solvent) When 13-5 1. had been absorbed (Calc. for reduction to pentenol 14 1,), filter cel was 
added, and the catalyst removed by filtration and washed with a little ether. Careful distillation of the 
filtrate gave cis-pens-3-enol (39-8 ¢.), b. p. 130-—142°, wf 14387 (Pound: C, 604; H. 11-8. C,H,O 
requires C, << H, 11-7%). The Il-napAthylurcthane formed needies (from hght petroleum (b. p 
-—80")), m p. 88--89° (Found: C, 75-2; H, 64. C,,H,,O,N requires C, 753; H. 67, N, 54%) 

trans-Pent-3-enol.—Sodium (10 g¢.) was added to liquid ammonia (300 mi.) and then pent-3-ynol 
50 ¢.) was added to the blue solution with stirring during 15 minutes. After stirring for a further 
90 minutes ammonia solution (d 0-880) was added cautiously and the product set aside overnight to 





137°, 
(Found 69-45; H, 11 6% The |I- ‘naphihylurethane formed needles, m p. 93° (Found 
H, 6-55; nN 56%). Al:l mixture with the cis-l-naphthylurethane melted at 75-—80" 
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W. J]. Bush and Co. for gifts of materials 
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178. Studies of Compounds related to Natural Perfumes. Part I. 
Concerning cis- and trans-Hex-3-en-1-ol. 


By FRANZ SONDHEIMER 


A convenient synthesis of hex-3-yn-1-ol (V) has been devised Partial hydrogenation in the 
ee of eo calctum carbonate at room temperature gives an isomeric mixture of 
1ex-3-en-l-ols, consisting mainly of the cis-isomer (" leaf alcohol ’’). Partial reduction of (V) 
with sodium in liquid ammonia gives exclusively trans-hex-3-en-l-ol (VIII), identical with 


that prepared by Crombie and Harper (preceding paper) and different from what had previously 
been considered the frans-isomer 

The acetylenic alcohol (V) is converted into the bromide (V1), which on attempted 
condensation with sodium acetylide in hquid ammonia undergoes dehydrobromination to 
hex-l-en-3-yne (VII). Similarly the ethylenic bromide (IX) with sodium acetylide gives 
hexa-l : 3-diene (X 


I~ connexion with synthetical studies designed to elucidate the exact stereochemical 
configuration of the important violet-leaf constituents nona-2 : 6-dienol (I) and nona-2 : 6- 
(L) CHEt=CH-CH,CH,CH=CH-CH,OH CHEt=CH-CH,CH,/CH=CH-CHO (IL) 


dienal (11) (Ruzicka, Schinz, et al., Hele. Chim. Acta, 1934, 17, 1602; 1044, 27, 1561; Takei 
et al., Bull. Agric. Chem. Soc. Japan, 1938, 14, 64; Chem. Zentr., 1938, I1, 3696; Hunsdiecker, 
3L 
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Chem. Ber., 1947, 80, 137), octa-1 : S-diyne (I11) and oct-5-en-l-yne (IV) were required, It 
was hoped to prepare these hydrocarbons from hex-3-yn-l-ol (V) and hex-3-en-l-ol by the 
action of sodium acetylide in liquid ammonia on the respective bromides (VI) and (IX). In fact 
it was found that these bromides were very readily dehydrobrominated to the hydrocarbons 
(VII) and (X) respectively (cf. Vaughn, Hennion, Vogt, and Nieuwland, J. Org. Chem., 1937, 
2, 13), and the required hydrocarbons (111) and (IV) could not be obtained by this route. The 
diacetylene (II1) was subsequently synthesised by a different method, and was successfully 
converted into nona-2 ; 6-dienol (1) and the corresponding aldehyde (II) (Sondheimer, forth- 
coming publication). However, some interesting results were obtained in the present study 
concerning the cis- and frans-isomers of hex-3-en-1-ol and, as there exists some confusion about 
these compounds in the literature, it seemed desirable to record the results. 

Hex-3-yn-l-ol (V) had previously been obtained from but-l-ynylmagnesium bromide and 
ethylene oxide (Stoll and Rouvé, Hele. Chim. Acta, 1938, 21, 1542; Takei, Ono, and Sinosaki, 
Ber., 1940, 73, 950), the overall yield from the starting material, methyl! ethy! ketone, being only 
ca. 18%, It may also be obtained by the dehydrobromination of the dibromide of hex-3- 
en-l-ol (Takei, Ono, and Sinosaki, loc. cit.; Bohnsack, Ber., 1941, 74, 1575; Stoll and 
Commarmont, Helv. Chim. Acta, 1949, 32, 597). When ethy! iodide was treated in liquid 
ammonia with sodium acetylide (prepared directly from sodium and acetylene; cf. Raphael 
and Sondheimer, /., 1960, 115), the highly volatile but-l-yne so formed was not isolated but was 
converted into the sodio-derivative by the addition of one mole of sodamide. Reaction with 
ethylene oxide then gave the required hex-3-yn-l-ol (V) (3: 5-dinitrobenzoate; a-naphthyl- 
urethane) in 47°, yield. After this work had been completed, the reaction between ethylene 
oxide and the sodio-derivative of l-butyne (prepared separately) in liquid ammonia solution 
was reported by Newman and Wotiz (J. Amer. Chem. Soc, 1949, 71, 1292), who obtained 
hex-3-yn-l-ol in 48% yield. 

The acetylenic carbinol was converted into the bromide (V1) by phosphorus tribromide, 
using various amounts of pyridine, but only in poor yield (cf. Tchao, Bull. Soc. chim., 1933, 538, 
1533; Newman and Wotiz, Joc. cit., for the successful bromination of a-acetylenic primary 
alcohols). The same difficulty in the direct bromination of the §-acetylenic alcohol but-3-yn- 
l-ol was encountered by Jones and Whiting (private communication), who were however 
successful in brominating the corresponding toluene-p-sulphonate. The acetylenic bromide 
(V1) was treated with an excess of sodium acetylide in liquid ammonia, whereupon it underwent 
mainly dehydrobromination; no appreciable amount of the required diacetylene (III) was 
formed, and hex-l-en-3-yne (VII) could be isolated 

Attention was then turned to the partial reduction of hex-3-yn-l-ol (V). The hex-3-en-1-ol 
which could thereby be formed is of interest as the starting materia) for the synthesis of nona- 
2: 6-dienol (I) and the corresponding aldehyde (II) (for references see above), and also of the 
important perfume jasmone (Treff and Werner, Ber., 1935, 68, 640; Hunsdiecker, Ber., 1942, 
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75, 400) The cts-isomer is also of importance, as it is found widely distributed in many species 
of plants. It posesses the characteristic “ green" odour of leaves and grass, and is usually 
termed “leaf alcohol.""* Partial hydrogenation of acetylenes in the presence of a colloidal 
palladium or Raney nickel catalyst is known to give the cts-ethylenic compounds (inéer al., 


* There exists some controversy in the literature regarding the stereochemical configuration of the 
natural hex-3-enol (Stoll and Rowvé, lec. at.; Ber, 1940, 73, 1358; Takei, Ono, and Sinosaki, Joc. cit_; 
Ruzicka, Schinz, and Suse, Helv. Chim. Acta, 1944, 27, 1561; Crombie and Harper, joc. cit), but previous 
evidence together with that presented in this paper clearly points to the cis-configuration. 
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Bourgue!, Bull. Soc. chim., 1929, 45, [iv), 1067; Campbell and Eby, J. Amer. Chem. Sor., 1941, 
63, 216, 2683; Campbell and Campbell, Chem. Reviews, 1942, 31, 148), and the catalytic semi- 
hydrogenation of hex-3-yn-1-ol has already been investigated by Stoll and Rouvé and by Takei, 
Ono, and Sinosaki (Joce. ctt.). The Swiss workers, using colloidal palladium, obtained a hex-3- 
enol, which was assigned the cis-configuration and shown to be identical with the natural hexeno! 
(" leaf alcohol") as the 3: 5-dinitrobenzoate after “ five laborious crystallisations ” had m. p 
44°5—46°, undepressed on admixture with the natural derivative (m. p. 48—48°5"). The 
Japanese workers using a palladium—barium sulphate catalyst found that the properties of 
the hydrogenation product were dependent on the temperature of hydrogenation, the pure 
natural hex-3-enol being formed at — 18 

On hydrogenation of hex-3-ynol (V) at room temperature in the presence of palladium 
calcium carbonate, the uptake of hydrogen practically stopped after | mole of gas had been 
absorbed. The hex-3-enol so obtained was very similar to that reported by Stoll and Rouvé, 
both in its physical properties and in the fact that the 3: 5-dinitrobenzoate required seven 
crystallisations to achieve constant melting point (48-—48°5°, undepressed on admixture with 
the derivative of natural hexenol, m. p. 49—60°), The a-naphthylurethane also needed three 
crystallisations to reach constant melting point (69-695; undepressed on admixture with the 
natural derivative, m. p. 70-—70°5"). It thus seemed that, although the hex-3-en-1-ol obtained 
by catalytic hydrogenation consisted predominantly of the css-isomer, it contained an impurity 
possibly the frans-isomer. This has been confirmed by its infra-red spectrum described 
below 

A hex-3-en-l-ol has been prepared by the Bouveault-Blanc reduction of ethyl sorbate 
(Ruzicka and Schinz, Hele. Chim. Acta, 1934, 17, 1602; Takei, Imaki, and Tada, Ber., 1935, 
68, 953), differing from the natura! material by its sharper smel! and the lower melting points of 
its derivatives (3 : 5-dinitrobenzoate, m. p. 28°; a-naphthylurethane, m. p. 61-63"), It was 
considered to be stereoisomeric with the natural (cis-)hexenol, t.¢., to have the trans-configuration 
(Ruzicka, Schinz, and Susz, Hele. Chim. Acta, 1944, 27, 1561; cf. Takei, Imaki, and Tada, Joc. 
eit.). Partial reduction of acetylenic hydrocarbons and tertiary carbinols by means of sodium in 
liquid ammonia has been shown to give the trans-ethylenic compounds (Campbell and Eby, 
and Campbell and Campbell, locc. cit.). When the primary alcohol hex-3-yn-1-ol (V) was treated 
in this way, the trans-hes-3-en-l-ol (VIII) so formed in good yield was found to be different 
from that obtained by the Bouveault-Blanc reduction of ethyl sorbate. Its derivatives 
(3 : 5-dinttrobenzoate, m. p. 46-—46°5"; a-naphthylurcthane, m. p. 68-69") were considerably 
higher-melting than those of the Bouveault-Blanc product and, although the melting points of 
the tvans-hexenol derivatives were nearly identical with those of the cis-isomer, considerable 
depressions were observed on admixture. 

Independently of this work, Crombie and Harper (loc. cit.) found that both by the action of 
lithium aluminium hydride on trans-pent-2-ene-1-carboxylic acid, and also by the ring fission of 
the a-form of 3-chloro-2-ethyltetrahydrofuran, a trans-hex-3-enol was obtained, also differing 
from that described by Ruzicka and Schinz. The melting points of the derivatives of the 
trans-hexenol reported by Crombie and Harper are identical with those of the frans-hexenol 
(VIII) described in the present communication, and identity was established by mixed-melting 
point determinations. It is highly probable that the so-called frans-isomer of Ruzicka and 
Schinz was not homogeneous. Nevertheless it must have contained a considerable percentage 
of the trans-hexenol, as the nona-2(frans) : 6(#rans)-dienal prepared from it was shown to be 
identical with a sample prepared by an independent method (Hunsdiecker, Chem. Ber., 1947, 
80, 137). 

The infra-red spectra of the cis- and trans-hex-3-enols have already been recorded and 
discussed by Crombie and Harper (loc. cit.). The spectrum of the frans-isomer (VIII) obtained 
by the sodium-—liquid ammonia reduction of hexynol (Fig. 1) is closely similar to that previously 
recorded, showing the typical strong “ trans *’-absorption band at 10°3 p. (Rasmussen, Brattain, 
and Zucco, ]. Chem. Physics, 1947, 15, 135). The infra-red spectrum of the natural (cis-)hex-3- 
enol has been given by Crombie and Harper (loc. cit.), while Fig. 2 shows the spectrum of the 
hex-3-enol obtained by the catalytic hydrogenation of hexynol. The bands at 11°5 and 13°8 p. 
in Fig. 2 are typical for the cis-isomer, not being shown by the frans-form. On the other hand, 
the “ trans "-band at 10°3 yu. is also quite marked. From these data, combined with the fact 
that on repeated crystallisation the cis-derivatives are obtained, it is concluded that catalytic 
hydrogenation of hexynol (V) under the conditions employed gives a cis-trans-mixture of 
hex-3-en-l-ols, consisting predominantly of the ois-isomer. 

The hex-3-enol (mainly cis-) was converted into the bromide (IX), and this was treated with 
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sodium acetylide in liquid ammonia, Again no appreciable amount of the hydrocarbon (IV) 
could be isolated, dehydrobromination to hexa-1 : 3-diene (X) (determined quantitatively by 
its ultra-violet light absorption maximum at 2280 4.) being the principal reaction. 

Fie. 1. Fro. 2. 


trans-Hes-3-enol from Na reduction Hex-3-enol from catalytic hydrogenation 
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EXPERIMENTAL 


Hew dye lea (SN ‘xlium (40 ¢. 1-74 g-mols.) was added im small pieces to liquid ammonia 
iO 1) through which acetylene was bubbled, with stirring and coohng (alcohol-carbon dioxde The 
acetylene flow was stopped at the exact moment when the blue colour disappeared after the last piece 
of sodium had been added (to ensure that no excess of acetylene was present in solution), and ethy! 
alice (250 g., 1-6 g. -mols) in dry ether (250 cc.) was introduced during the course of 45 minutes. The 
cooled reaction mixture was stirred for 4 hours and the I-butyne so formed was converted into the 
soxdio-complex by addition, in several portions, of a cooled sodamide suspension in liquid a amonia 
11), made from sodium (40 ¢ ), the ferric nitrate catalyst of Vaughn, Vogt, and Nieuwland (/. Amer 
Chem Soo, 1034, 66, 2120) being used After another hour's stirring, ethylene oxide (141 g.. 3-2 ¢ -mols 
was added all at once, and the reaction mixture was stirred for 24 hours, the temperature being held at 
‘a “ Ammonmm chioride (120 ¢ ) was gradually introduced, and the ammonia evaporated on the 
steam-bath. Water and ether were added to the residue, and the aqueous layer washed twice with 
ether The combined ethereal extracts, after being washed with a small volume of water, were dried 
(MgSO,) and evaporated. A preliminary distillation, followed by fractionation through a Dufton column 
then gave hex-3-yn-1l-ol (73-2 g.. 47% cale. on ethyl iodide), b. p. 163-—164° 772 mm _, 73-5745" 23 
mm, #{f 14579 (Stoll and Rouvé, Helv, Chim. Acta, 1938 21, 1542, give b. p. 66-566" /12 mm., 
14530 The 3. 5-dinitrobenzoate after one crystallisation from light petroleum (b. p. 60-80 
onstant m p. 73--74° (Found: C, 53-6; H, 41 N, 0-65 Cale. tor € us H yy! iN, (, 53-4; H, 41 
VN, 96%) (Newman and Wotiz, joc. ct, give m. p. 72-73"; Stoll and Commarmont, / i, give m. 
74.76" and 8)—81"). The a-sapAthylurcthane crystallised from hght petroleum (b. p. 60-—80°) 
small needles, m. p. 84-85" (Found: C, 7645; H, 64; N, 535. C,,H,,O,N requires C, 76-35; H 
64; N, 526% Io addition a higher-boiling product (13 g.) was obtained, b. p. 116--120° 23 mm 
aff 14628, which was not further investigated 

1- Bromoher-3-yne (VI Phosphorus tribromide (27 g.) in dry ether (15 c.c.) was slowly added to a 

soled and stirred solution of hex-3-yn-l-ol (16 g.) in ether (65 ¢ c.), the temperature being kept at —5 
After being stirred at —5° for a further 9) minutes, the reaction mixture was poured on ice and water 
The organic layer was washed with sodium hydrogen carbonate solution and water, and dried. Removal 
f ether, followed by distillation of the residue, gave |-bromoher-3-yne (3-75 g., 14%) as a colourless 
liquid, b. p. 63-5-—45-6°/18 mm., »jf* 1.4890 (Found: Br, 491. C,H,Br requires Br, 49-6% 

In another experiment, the general conditions of Tchao (loc. ett.) were employed. Phosphorus 
tribromide (14-5 g.) was added dropwise to a cooled mixture of pyridine (0-6 g.) and hex-3-ynol (12-6 g.), 
with constant stirring daring #) minutes The reaction mixture was then heated under reflux on the 
steam-bath for 3 hours, and the product isolated as before This yielded the bromide (2-4 g., 12%), 
b. p. 67-—-68°/25 mm. aff 14931. In addition, a higher-boiling liquid was obtained, b. p. 99 
100° /25 mm, »ff 1-5222, giving analytical figures correct for the hydrogen bromide adduct of 1-bromohex- 
S-yne (Pound: Br, 65-56. C,H, Hr, requires Hr, 66-05%, 

The conditions of Juvala (Ber . 1930, 63, 1990) were also employed, using hex-3-ynol (16 g.), pyridine 
28 ¢), and phosphorus tribromide (17-4 ¢) This gave a mixed product which could only have 
ontained a very small proportion of the required bromide. Hex-3-en-1-ol can be successfully converted 

into the bromide under these conditions (see below) 





(1950) Compounds related to Natural Perfumes. Part I. 


Hex-\-en-3-yne (V1I).—A suspension of sodium in hquid ammonia (100 cc) 
by ebding exam (1S @) to the cthned and couted alcohol-carbon dioxide) 
being discharged, the 











S385" /762 mm., »}f 1-449 (Fou 
Jacobson and Carothers, ]. Amer Chem See. 
The distillation residue (0-3 g.) consisted of a viscous brown 

Catalytic Partial Hydrogenation of Hex-3-yn-1-ol (V).— acetylemec carbinol (14-7 g.) in methyl 
acetate (30 cc.) was shaken with Raney nickel for | hour to remove the small amount of catalyst 

t she sates was Senet ieacee cone Cap, Mearng AteesT ope 

ydrogen in the presence of palladium-calcium carbonate (1 of Pd). About 31. of gas were 

rapidly absorbed during | hour, whereafter the wu Geued Goon. After the absorption of ce 
of gas (15°/758 mm; 0- the wu aed Renacalir chanpat The catalyst was filtered off, the 
solvent removed, and the residue d ’ This yielded impure ets-hex-3-en-1-ol (13-1 g.), 
157° 765 mm_, 74—76°/29 mm, #]f 1-4430, having an odour very similar to that of ryt pee 
(cis-)hexenol (Stoll and Rouvé, loc. cit b. p. 50—61°/12-5 mm., #}f 1-4373, for the hexenol obtained 
by catalytic hydrogenation . Raricha, Schinz, and Susz, ioc. cit., give b. ae 58—58-5°/12 mm, wf 1.4380, 
for pure natural (css-)hexenol regenerated from the crystalline 

Derivatives of cis-Hex-3-en-1-ol —The above isomeric mixture was ee into the 3: 5-dinitro- 
benzoate in the usual manner. After one crystallisation from light ——- (b. p. 40-60") it formed 
long needles, m. p. 34—35". After another six crystallisation from this solvent or tane, the 3: 5-di- 
nitrobenzoate of cis-hexenol was obtained, having constant m 48-485" (Pou C, O31; MH, 4-86; 
N, 965. Calc. forC,,H,,O,N,: C, 53-05; H, 48; N, 05%); mM. p. was not depressed on admixture 
with a sample (mp. 49-50") obtained from the natural hexenol 

The a-naphthylurethane from the isomeric mixture had, after two crystallisations from 
light petroleum (b. p. 40---60°), m. p. 68°, and after another crystallisation the pure a-naphthylurethane 
of cts-hexenol was ained as long needles, hav wero <> oo C, 75-06; H, 7-2; 
N, 49. Calc. for C,,H,O,N: C, 768; H, 71; 52% m. p. was not depressed on admixture 
with a specimen (m. p. 70-—-70-5°) obtained fromm the aakoul abe 

trans-Hex-3-en-1-ol (VIII) “Hex. 3-yn-l-ol (4-9 g.), dissolved in dry ether (5 cc), was gradually 
added to a stirred and cooled (alcohol-carbon dioxide) solution of sodmum (4-6 g) in liquid ammonia 
(200 c.c.). Stirring was continued for a further 2 hours, whereafter the biue reaction mixture was 
decomposed with ammonium chloride (15 g.). The ammonia was evaporated off on the steam-bath, 
water and ether were added to the residue, the aqueous layer was once more extracted with ether, and 
the combined organic extracts were washed with dilute sulphuric acid, sodium hydrogen carbonate 
solution, and water. The dried solution was evaporated. Distillation of the residue then gave trans- 
hex-3-en-1-ol (3-7 g., 75%) as a colourless mobile liquid, b. p. 152-—153-5" /762 mm_, #}f 1-4406, possessing 
a characteristic odour distinctly different from the “ green "’ odour of the cis-isomer (Found: C, 72-40; 
H, 12:15. C,Hy,O requires C, 71-05; H, 121%) (Ruzicka, Schinz and Susz, joc. ctt., give b. p. 586—- 
60° /12 mm., #f 1-4376, for the “ trans ‘'-isomer obtained by the Bouveault-Blanc reduction of ethy! 
sorbate) 

The 3: 5-dintirobenzoate was formed in quantitative yield, having m. p. 45-46"; after one 
< pas from hght petroleum | m iy 4-60") it formed needles having constant m. p. 46-46-65" 
(Found , 531; H, 49; N55. CH pod voquiens C. 53-05; H, 48; N,@56%). This m. p. was 
not , ~AR-h- on admixture with a sample (m. p. 47°) derived from’ the lithium aluminium hydnde 
reduction of trans-pent-2-ene-1-carboxylic acid (Crombie and Harper, joc. cit). On admixture with the 
cis-derivative (m. p. 48—48-5") described above, the m p. was 33—35° 

The e- »hthy urethane aiter one crystallisation from light —- (b. p. 40 ~ ) formed needles, 
m p. 68—69*, not “— y further crystallisation (Found: C, 75-65; H, 7-1; §35. C,,H,ON 
poe § C, 76-8; H, 5-2%) m. p. was not % on admixture with a sam apie (m. p 

69-5") re Crombie and Harper (loc. cit.) admixture with the “ frans "'-derivative 
os p. 61—63°), prepared from ethyl sorbate (Ruzicka, Sching, and Susz, loc. cit.), the m. p. was 51-53" 
On admixture 1 aes the css-derivative (mm. p. 69-—-69-5") described above, the m p. was 56-60" 

Hexa-| : 3-diene (X) —The hex-3-enol (mainly cis-) obtained from the catalytic hydrogenation of the 
acetylene was converted into the bromide Sry ey t Ped ne method of Juvala (loc. ctt.), as has alread 
been described for the natural (cis-)b Werner, loc. cif.; Hunsdiecker, Ber, 1942, 78. 
460) Tuo t-tususeham one ws eetahend to on "50% yield hed 49—51°/20 mm., wif 1-473 

The ethylenic bromide (3-2 g.) was treated with sodium acety (from 1-2 g. of sodium) in liquid 
ammonia (100 c.c.) as described above for the acetylenic bromide. The reaction was allowed to proceed 
for 3-5 hours, and the mixture was then carefully poured on ice and #-hexane (without evaporating the 
ammonia, so as not to lose any of the volatile product) ee ee eee shute 

Iphuric acid, sod hydrogen carbonate solution, and water. and (MgSO,). The solvent, 
containing the hexa-1 (Prévost, Ann. Chim., 1928, 10, 176; Bull. Soc. chim., 1941, ‘. 89) was 
carefully distilled off through a Dufton column, until the distillation temperature re reached 7 The 
residue (0-25 g.) was dark and viscous, and could not be distilled. The benane dusthane (180 c.c.) had 
light absorption: Maximum, 22804.; E}%, = 145. This corresponds to a ca. 0-97-g. content of 
hexa-! : 3-diene (60% yield), assuming « = T3,000 for the pure diene. 
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179. The Solubility Products of Ferrous and Ferrosic Hydrorides. 
By T. V. Arpen. 


Valacs of 2-4 © 10° and 64 * 10°" for the solubility products of ferrous hydroxide and 
freshly precipitated green ferrosic hydroxide have been obtained by potentiometric titration 
with sodium hydroxide in sulphate solution, using a glass electrode 


Tue precipitation of ferrous hydroxide has been widely studied, and the solubility product 
determined by a variety of methods. The highest value recorded, 7 x 10°“, was obtained 
by Schrager (Coll. Czech. Chem. Comm., 1929, 1, 275), while the lowest, 2°56 x 10%, was given 
by Hoédlander (Z. EleAtrochem., 1900, 8, 840). The latter value was confirmed by Britton 
(J., 1925, 127, 2110), by potentiometric titration of ferrous sulphate with sodium hydroxide, 
using a hydrogen electrode. The same method was used by Elder (Trans. Amer. Electrochem. 
Seoc., 1930, 57) who obtained a figure of 48 «x 10°. Conductivity measurements of saturated 
ferrous hydroxide solutions were used by Lamb (/. Amer. Chem. Soc., 1910, 82, 1214), and by 
Murata (J. Soc. Chem. Ind. Japan, 1932, 85, 523), to calculate values of 99 x 10 and 
20 = 10 respectively. Shipley and McHaffie (Canadian Chem. Met., 1924, 8, 5, 121) 
determined the solubility product of ferrous hydroxide as 39 x 10°, from observations of 
the rate of corrosion of metallic iron in oxygen-free water. The solubilities of metallic iron in 
pure water, and in potassium hydroxide solution, were shown by Bineau (Compt. rend., 1879, 
41, 509) and Krassa (7. Elehirochem., 1909, 15, 491) to be 75 x 10° and 28 x 10°* respectively, 
giving solubility products of 20 x 10” and &7 x 10°“, assuming complete ionisation 
Whitman, Russell, and Davis (/. Amer. Chem. Soc., 1925, 47, 70) showed that ferrous hydroxide 
is only 30% jonised in saturated solution, the undissociated molecules being in true solution 
The solubility of metallic iron in pure water at 25° was found to be 6-7 x 10°, in agreement with 
the results of Bineau; but the solubility product, calculated from determinations of the pH 
of the saturated solution, was 32 « 10°". A recalculation of Bineau’s and Krassa’s results, 
with allowance for the degree of ionisation of ferrous hydroxide, gives values of 4:1 x 10°“ 
and 26 x 10°", respectively, for the solubility product 

The product of the reaction of pure ferrous sulphate solution with alkali is a white gelatinous 
precipitate, which becomes green in the presence of traces of ferric salts, owing to the presence 
of ferrosic hydroxide. The green compound is formed at a pH (64 in 0-05m-solution) 
considerably lower than that of pure ferrous hydroxide (81 in 005m-solution); and it is 
therefore necessary, in studying the precipitation of ferrous hydroxide, to eliminate both ferric 
iron and free oxygen from the system. It is extremely difficult to remove all traces of Fe***, 
and in a titrimetric procedure failure to prevent oxidation would result in low values for the 
solubility product. In the case of Britton’s experiments, it was stated that air was not 
completely excluded. In methods based upon determinations of the solubility of iron in water 
(Bineau, Krassa, Lamb, Murata, and Whitman) the efliect of traces of oxygen would be to raise 
the apparent solubility product; but the resulting errors would be small, since the solutions 
produced by this method are sufficiently alkaline to render the solubility of ferric iron negligible. 
The true solubility product of ferrous hydroxide therefore appears to be of the order of 10, 
and results which are considerably lower than this figure are hkely to have been influenced by 
oxidation 

The object of this work has been to determine Ay,.o, from measurements of the changes 
in pH during a titration of ferrous sulphate with sodium hydroxide, in the complete absence of 
ferric iron or oxygen. In addition, the precipitation of ferrosic hydroxide has been studied, by 
titrations of mixtures of ferric and ferrous sulphates, in varying ratios. Titrations have also 
been carried out in the presence of atmospheric oxygen, to demonstrate the large errors which 
are caused in these conditions, 

EXPERIMENTAL. 


Ferrows Sulphate Solution._-A stock . oe of 0-05m-ferrous sulphate, containing 0-05m- ways 
was prepared from pure metallic iron, and AnalaR sulphuric acid. It was imp to t 
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solution in a fully reduced condition, and a further reduction was therefore carried out immediately before 
each titration, by boiling a measured portion of the solution with metallic iron or magnesium in the 
titration vessel. The of . the 


ge of 

| couuneuntent ef Guncsiathen was determined at the end of the experiment, when magnesium was used, 
no interference with the titration was caused, since the step in the titration curve caused by 
the precipitation of magnestum hydroxide occurred at pH 10-5, after the completion of the ferrous 
reaction 

Ferre Sulphate Solution.--A solution containing 0-033m-ferric su te and O4()5u-H,SO, was 
ee by dissolving metallic iron in anc , and oxidising with AnalaR hydrogen peroxide. 

excess of peroxide was removed by boiling, and the solution was de-aerated immediately 
before each use by the prolonged passage of hydrogen 

Sedium Hydrostde Solution.A solution (0-100~x.) of sodiam hydroxide was de-aerated by the 
prolonged passage of hydrogen mmmediately before each experiment 

Ferrous Hydromde Precipitation.—A portion of the stock ferrous solution, initially at pH 1-5, was 
reduced and titrated with sodium hydroxide at 20°, the pH being determined by means of a glass 
electrode and a dip-type calomel! half-cell. The electrode system was standardised before and after 
each experiment at pH 3-97 and 9-18, no results being accepted unless the four standardisation readings 
agreed within pH 0-06. After each addition of alkali, the pH was allowed to reach equilibrium. In the 
early stages of the titration, this process took place rapidly, but during the final stages of precipitation 
the pH dropped slowly to the values shown. (The direction and magnitude of changes of pH with time 


Fis. 1. 


























30 60 
mils. 0 100"-NaOh 


are indicated by arrows touching the curves.) In the complete absence of ferric iron, sharp inflexions 
occurred at the point quesmnpenting to the first permanent white precipitate (A, Fig. 1, Curve 1). In 
the presence of small traces of Fe***, the inflexions were less clearly defined (Fig. |, Curves 2 and 3), 
and the formation of ferrous hydroxide was preceded by formation of traces of green ferrosic hydroxide 
The true pH of first precipitation could nevertheless be determined by extrapolation of the horizontal 
and vertical portions of the curves. When sufficient ferric iron was present to give a definite green 
colour to the precipitate, the resultant curves were considerably distorted (Pig. 1, Curve 4) and were 
not used for calculation of results. In a typical experiment, #) mi. of 0-0500m-ferrous sulphate 
lution were reduced with magnesium, and titrated with 0-100n-sodium hydroxide. The point of first 
preci tion (4, Fig. 1, Curve 1) occurred after the addition of 6-1 ml. of alkali, when the total volume 
was I ml. The concentration of ferrous iron, [Fe**), is 0-05 x 50/56-1 « 448 x 10°. The pH 
was then 8-10, and since K, at 20° is }@****, (OH" is 10-7 
Then K = (Pet?) x (OH) = 448 x 10° x 10%" & 31 x 10, where K is the apparent 
solu bilit uct, assuming complete dissociation of ferrous sulphate, and neglecting activity corrections. 
The wing results are calculated from curves in which the distortion is less than in curve 3 (Fig. 1) 
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The agreement between experiments at different concentrations is good, and gives a mean value 
K = 24 x lo™ 

Titration in the Presence of Air.——A titration carried out in a closed vessel containing some air gave « 
precipitate, largely composed of ferric hydroxide, with some ferrosic hydroxide, at pH 5-25. The 
resultant curve (Curve 5, Fig. 1) resembles that obtained by Britton, and the apparent solubility product 
calculated from itis 53 » lor 

Ferrosc Hydrosde Precipitation —The ure described for ferrous hydroxide was used, with 
the addition of a measured quan of 0-033u-ferric sulphate solution after reduction of the ferrous 
solution. Inat experiment (Fig. 2), 15 ml. of 0-033m-Fe*** and 50 ml. of 0-06m-Fe** were titrated 
with 0 100u-Na Basic ferric sulphate was first P wes gee y between pH 2-5 and 3-5, the curve 
(AB) being of the characteristic type observed by Evans and Prior (/., 1949,5 157). The complete 
precipitation of ferric iron was followed by further reaction of the te with sodium hydroxide 
to form Pe(OH),, the pH rising rapidly during this process (B—C). At C, the formation of dark olive 
green ferrosic hydroxide was accompanied by a sharp inflexion in the curve, and in the region C-D, 
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the pH readings dropped slowly after each addition of alkali, to the values shown the normally 
accepted formula for ferrosic hydroxide is assumed, the reaction in the region C-D is 
2Fe(OH), + Fe** + 20H’ = Fe(OH), 


and the solubility potent of Fe(OH), is therefore K’ « [Fe**) x (OH’)}*. The end point of this 
reaction was marked by an inflexion at J), after which the pH readings rose rapidly on to a curve E—} 
similar to those obtained with pure ferrous iron solutions 
Results were as follows 
Expt Fe** at ¢ pH OH K 
i 2-38 « lo 635 ior 2x lowe 
2 320» lo Om lor" ~« ore 
x] 235 « lo 635 lores ‘Ix«iloew 
Mean ~ on 


Discussion 


Ferrous Hydromde.—-The value 24 x 10°“ for the solubility product is in good agreement 
with the results obtained by Bineau and by Whitman, from solubility determinations, and by 
Miller from the Fe*** /Fe** potential. The titration curves are variable in length, the molecular 
ratio of sodium hydroxide required to give complete precipitation being between 1-7 and 19 
This is in agreement with the findings of Pickering (/., 1907, 91, 1981), who considered the 
precipitate to be 10FeO,SO,. The formation of such a compound is normally accompanied, 
however, by a clear inflexion at the end of precipitation, as in the case of 4CuO,SO,, or 5ZnO,SO,. 
In the case of ferrous iron the final inflexions are ill-defined, and in the last stages of the curve, 
the pH readings fall slowly when the solution is kept. This effect could result from the occlusion 
of ferrous sulphate on a precipitate of ferrous hydroxide, and the formation of a basic ferrous 
sulphate cannot therefore be inferred from this work 

Ferrosic Hydroxide.—The term “ ferrosic hydroxide “' has been applied to compounds with 
widely differing properties, and the value 64 x 10° for the solubility product applies only to 
the compound produced from mixed ferric and ferrous solutions under conditions of rising pH. 
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The addition of excess of alkali causes the formation of a black compound, insoluble in mineral 
acids, which has not been studied in detail, The rate of fall of pH in the later stages of the 
curve C—D was so slow that equilibrium was not always attained, and the length C-D has been 
found variable. In all cases, however, the length of this curve was considerably greater than 
that required for Fe,(OH),, and corresponds with the formation of Fe,(OH),, [in Fig. 2, Found : 
11 ml., Fe,(OH), requires 50 ml. Fe,(OH),,. requires 100 ml.|. A compound corresponding 
to this formula was prepared by Baudisch and Merzer (Biochem. Se 1920, 37, 107) who considered 
it to be HO-Fe-O-Fe(OH),. It appears that this compound is formed under the conditions of 
these experiments, by further reaction of Fe,(OH), in the presence of excess of ferrous iron. 


The work described in this paper was carried out on behalf of the Ministry of Supply, by whose 
permission this paper is published. 


Cummicat Reszarcn Lasoratory, TEDDINGTON. [Recewed, November 24th, 1949.) 


180. Aminoalkyl Tertiary Carbinols and Derived Products. Part II. 
3-Amino-| : 1-di-2'-thienyl-alkan-l-ols and -alk-l-enes. 
By D. W. Apamson 


3-Amino- and N-substituted 3-amino-1 : 1-ds-2’-thienylalkan-l-ols (1) were 
2-thienyl-lithium and 2-aminoalkanecarboxylates (II), obtained by addition of 
amine to substituted acrylic esters. Substantial quantities of 2-8- propiony! 
(11), as well as the carbinol, Se Oe eee we waion tolocnn 3 ile thienylmagnesium 
bromide and ethyl £-piper The amino-carbinols were dehydrated to the 
S-emino- and N-substituted 3-amino-l : 1-di- 2’ -thienylalh-l-enes (1V) 

Several amino-carbinols had high antispasmodic activity and a number of N N disubstituted 
3-amino-1 : 1-dt-2-thienylbut-l-enes were potent analgesics. 











A NuMBER of the N-substituted 3-amino-1 : 1-dipheny!-propan-1-ols and -prop-1l-enes described in 
Part I (J., 1949, S 144) had interesting pharmacological properties (White, Fawcett, Green, 
and Hudson, to be published). The investigation of related compounds in which both phenyl 
groups of the parent compound are replaced by 2-thieny! groups, the synthesis of which is now 
described, forms part of our programme in this series. 

Several NN-disubstituted 3-amino-1 : 1-di-2’-thienyipropan-l-ols (1; R = H) were prepared 
by reaction of 2-thienyl-lithium with ethyl N N-disubstituted 6-aminopropionates (II; R’ = H) 
3-Amino-1 : 1-di-2’-thienylbutan-l-ol (1; R = Me; R’ « R” « H) and an extensive series of 
N-substituted derivatives were obtained similarly from the appropriate §-aminobutyrates (II; 
R’ = Me), and the method was extended to the preparation of 3-dimethylamino-1 : 1-di-2’- 
thienyl-pentan-\-ol, -hexan-1-ol, and -4-methylpentan-1-ol (1; RK = Et, Pr®, or Pr’; R’ « R= Me) 
from the corresponding methyl 2-dimethylaminoalhanecarborylates. The yields of tertiary 
amino-carbinols were good, but those of the primary and secondary amino-butanols were less 
satisfactory (cf. Part 1, Joc. cit.) (Table 11). The tertiary amino-carbinols were converted into 
water-soluble hydrochlorides or hydrogen oxalates and some into methiodides; the primary and 
secondary amino-carbinols gave neutral oxalates. 

The yields of amino-carbinol were poor in the two examples in which the Grignard reaction 
was employed. Ethy! §-piperidinopropionate on reaction with 2-thienylmagnesium bromide 
(3 mols.) gave 2-8-piperidinopropionylthiophen (III) in 23% yield in addition to the expected 
3-piperidino-1 : 1-di-2’-thienylpropan-l-ol (1; R= H; NK’R” « N<C,H,,) in similar yield. 


[ { ‘ » C(OH)-CHy CHR NR’ R” CO,R-CHyCHR' NR” Kh” 
“S 
(1) ay 


( Licocn,cHyN<c,M,, i L sccm HK-N RR” 
s 
(un) av.) 


The formation of substantial amounts of ketone by the action of a Grignard reagent on an 
ester is usual but it has been recorded in a few instances in which the ester bears a tertiary 
i bstituent, ¢.g., the isolation of a small quantity of ketone from the reaction between 
ethy! 6-piperidinopropionate and phenylmagnesium bromide was described in Part I (loc. cit.) ; 
Prelog and Hanonsek (Chem. Abs., 1931, 25, 4526) obtained 1-dimethylaminohexan-4-one as 
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weil as 6-dimeth ylamino-3-eth ylhexan-3-ol from ethylmagnessuam bromide and ethy! y-dimethy!- 
aminobutyrate , recently it has been claimed that ketones are formed exclusively from Gngnard 
reagents and 4-carbalkoxy-4-pheny!-l-methylpiperidines (B.P. 614,567). 

2-6-Pipernndinopropionyithiophen (I11) (also preparable by the Mannich reaction; Blicke and 
Burckhalter, J]. Amer. Chem. Soc., 1942, 64, 451) on further reaction with 2-thienyimagnesium 
bromide (3 mols.) gave the amino-carbinol in 31% yield. A similar reaction between 
2-6-piperidincisobutyrylithiophen and phenylmagnesium bromide to give 3-piperidino-1-pheny}- 
1-2’-thieny!-2-methy!propan-1-ol is described in B.P. Appl. 2255/47; Berger, Ziering, and Lee 
(J. Org. Chem., 1946, 12, 904) describe the preparation of 4-hydroxy-4-2’-thieny!-1-butyl- 
piperidine from 2-thienyl-lithium and 1|-butyl-4-piperndone. 

The 2-aminoalkane-carboxylic esters (11) (Table I) required as starting materials were 
conveniently prepared by addition of an amine to the appropriate substituted acrylicester. This 
method has already been used for the preparation of a series of ethyl 8-aminopropionates (Part I, 
loc. cit.) and of some ethy! S-aminobutyrates (Philippi and Spenner, Monatsh., 1915, 36, 97; 
Philippi and Galter, shed.. 1929, 51, 253; Morach, idid., 1932, 60, 50). The method has now been 
successiully applied to a series of methyl and ethy! $-aminobutyrates (Il; K <— Me, Et; R’ = 
Me) many of which are new, and to methyl and ethyl 3-dimethylamino- and §-piperidino-valerate 
and -+-methylvalerate and the corresponding Aewoales (11; R = Me, Et, R’ = Et, Pr®*, Pr’, 
NR’ R’”’ « NMe,, N<C,H,,). Some of the higher homologues were unstable and decomposed 
when kept at room temperature for short periods. 

Dehydration of the amino-carbinols furnished the corresponding 3-amino- and N-substituted 
3-amino-1 : 1-di-2’-thienylalh-l-enes (IV). The method of dehydration employed for the related 
diphenyl compounds (Part I, loc. cit.), namely, boiling under reflux in a mixture of acetic and 
hydrochloric acids, was successfully applied to the amino-propanols (1; K =H). The 
homologues (1; K Me, Et, Pr*, Pr’), however, sutiered considerable degradation with tar 
formation under these conditions, but warming with the mixed acids for a limited time on the 
steam-bath was usually satisfactory. In one example, dehydration was effected by warming 
in hydrochloric acid alone. 3-Amino-1 : |-di-2’-thienylbut-1l-ene, like the analogous dipheny!]- 
allylamine (Part |, Joc. cst.), was unstable, and it was necessary to employ : ilder conditions in 
its preparation from the amino-carbinol. The alkenylamines (Table III), which were purified 
by distillation ander reduced pressure, were mobile liquids which became highly coloured on 
exposure to air; they were converted into water-soluble crystalline Aydrochiorides, and some 
into methiodides. 

The pharmacological properties of these compounds, which have been studied by Dr. A. C. 
White and Mr. A. F. Green of the Biological Division of these Laboratories, were of considerable 
interest, High antispasmodic activity was shown by several amino-carbinols, ¢.g., the activity 
of (1; R H, NR'R” N<cC,H yy) was favourable in relation to synthetic spasmolytics now 
in clinical use. The majority of the amino-carbinols were powerful local anwsthetics. A 
number of tertiary amino-butenes, in particular (IV; RK Me, NR’R” = NMe,, NEt,, 
N«<cC,H,, N-<<C,H,,), were potent analgesics, as active as morphine in the rat, with undesirable 
side-etiects (in the dog) at a minimum; the alkenylamines (IV) in general also exhibited 
spasmolytic, antihistamine, and local anasthetic activity. The detailed pharmacology will be 
reported elsewhere; a preliminary communication has been published (Adamson and Green, 
Natere, 1960, 165, 122 

Our investigations in this sernes are being extended. 


EXPERIMENTAL, 
M_ p.s are uncorrected 


2. A mincalhkanecarborylic Esters (see Table | }- A minopropionates (11; R’ «= H Ethy! 8-dimethy!l- 
amino-, #-diethylam ino-, 8-pyrrolidino-, and §-piperidino pre pionates (Il; R ~ Et, R H, NR“R’ = 
NMe,, NEt, N<C,H, N<C,H,,) were prepared as described in Part I (loc. cst 

B-Aminobutyrates (11 kK’ Me Methy! or ethyl crotonate was added to the amine (1 mol.) under 
the various conditions described below, and the esters were isolated from the product by fractional 
distillation under reduced pressure The results, and references to earlier synthes 
Table I 

Methed A. The primary amino-ester (II; R Et, R Me, R K H) was prepared by 
mixing ethy! crotonate (100 g.) with ethanolic ammonia (400 ¢ « saturated at 15°) and heating in an 
autoclave for 7 hours at 106-110", 

Method B. The amine, dissolved in an equal volume of ethanol, was mixed with methy! or ethyl 
¢rotonate, and the product distilled after being kept for 14 days 

Method C. A mixture of the amine and ethy! crotonate was boiled under reflux for 3 hours 

Method D. In the preparation of methyl §-pyrrolidinobutyrate (11; R = R’ « Me, NR’R’™” « N<C,H,) 


4, are summarised in 
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sufficient heat to cause boiling of the mixture was generated when idine was mixed with methy! 
crotonate. The mixture was allowed to cool and was distilled after kept overnight. 


Taste I. 
2-Aminoalhane carboxylic esters, COFRCHSCHR “NR” R”™ 


Yield, Found, %. Required, 
NR“ R””’ Method. %,. ( , . a. Bs c, ° 
NH A , 
NHMe B 
NHEt , ? 
NH Beo* 100 (17) oll, ‘ON 


NMe, 66 (17) C\H,,O,N 
. 178-180 ° - 
NEt, S44 (18) C,H,,O0,N 
; 91—@2 (18)* 
NPr*, 116—118 (15) CON 
NBu*, 134—136 (15) 
NMe-( H,Ph 156 —158 (16) 
N<C,H, 100— 102 (23) 
N<GH, 110—114 (13) 
N<(CH,),>O 121—122 (12) 
NMe, ; 78—80 (18) ¢ 


ca] 
eg 
~~ 


as 00 (20 C,H 20,N 
N<CyHy : 122—128 (21) CHO 


Ra 
se 


222; 
+ ' @wee we 


: , 130—132 (21) CHO 
NMe, “ #5) Ch oi 
. 116—118 (24) CH, O.N * 
N=C,H,, * 140—141 (22) C.,.H,,0,N * 
oe - 158-— 160 (30) 
NMe, m 86— 8S (24) 
ee 108—110 (25) 
N<C,Hy , 130—133 (22) } . 
m . 140-141 (17) € N - ~~ - ~ . 
* Philippi and Spenner, Monatsh., 1915, 86, 97. * Morach, Monatsh, 1932, 60, 3. * Breckpot, 
Bull. Soc. chim. Belg., 1923, 82, 412. ‘ Philippi and Galter, Monatsh. 1929, 61, 253. 
* Decomposes on storage 


B- Amino-esters.—Higher homologues (11; R’ « Et, Pr®*, Pr') eg 0°) B-n-propyl-, and 8-ssoprop 
acrylic acids were prepared by known methods (von Auwers, Amnaien, 4am? 74) and were ester ees 
with boiling methanol or ethanol and concentrated sulphuric acid The aeiel esters appear to be new 
methyl B-cthylacrylate, b. p. 144-—145° (Found: C, 631; H, 89. C O, requires C, 63-2; H, 8-8%) 
methyl B-n-propylacrylate, b. p. 62—64° /22 mm (Found : C, 65-7; » rt 9 Cy} oe requires C, 65.6; th 
4%), methyl f-isopropylacrylase, b. p. 062° /22 mm (Found : , 4; H. 

as B-dimethylamino- and piperidimo-valerates (it; R = Me, R’ ee NR’R’’ «= NMe, 
N-« x») Were prepared by mixing methyl £-ethylacrylate with the amine (1 moi.) in an equa! volume of 
ary “and the product was distilled alter 4 days (method E). Higher yields were obtained when 
1-5 mols. of the amine were used (method F), and accordingly these conditions were employed in the 
ote agree of methyl and ethyl B-dimethylamino- and pevidino-valerates, and -8-methylv alerates 

the corresponding Aexoates (11; R = Me, Et, R’ = Et, Pr*, Pr, NR’ R’’ « NMe, NoC,H, 

Preparation of Amino-carbinols by Means of 2-Thienyl-lithium.—The 3-amime- and N ‘waluteted 
3-ameno-1 : 1-di-2’-thienylalkan-l-ols (1) (Table 11) were prepared from 2-thienyl-lithium and the 


propriate 8-amino-ester, the owt method em being illustrated by the example described 
below. As indicated in Table I 


, the tion of three carbinols was repeated, with the difference 
that the j-thienyl-lithium was engued ten © -butyl-lithium (Gilman and Shirley, J Amer, Chem. Soe., 
1949, 71, 1870); the yields were very similar to, and the products identical with, ¥ Le obtained by the 
general method as given in the example. 

3-Dimethylamino-1 : 1-di-2'-thienylbutan-l-ol (1; R « R' « R” « Me). A slow stream of dry 
nitrogen was led into the apparatus throughout the reaction in order to maintain an inert atmosphere. 
Thiophen (50 g., 0-6 mol.) in ether (50 c.c.) was added to an ethereal solution of yi-Lthtum prepared 
from bromobenzene (04 g.. 0-6 mol.), lithium (6-5 g., 1-2 atoms), and ether ( c.), and the mixture 


boiled under reflux for 2 rs. Ethyl §-dimeth inobutyrate (32-0 g., 0-2 mol.) in ether (50 c.c.) was 
then added gradually to the mixture, stirred 


+) 3) @vee) o-r 
«!' *enue 
2. @ 
wi 


(SO ce b. p. 40—60"), and the solution 
120c.c. The amino-carbinol crystallised on cooling and had m. p. 
lisation from ethanol gave 36 g., m. p. 90—®1", unchanged by 
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mol. L-de-2 -thienyl, 
37 g.. 02 mol.) in ether ( 
made bem 
sie creme beeen 
from which a heavy oil 
temperature. Crushed ice (1 , aqueous 
Acetic acid was then added gradually with wpe nda) yes gh mnie Lhe 
coloured solid which separated was filtered off and , 
chloroform and shaken with excess of ammonia , the chloroform layer 


bine - oats 

.b 1 105°/0-03 mm (10-1 g., 
23%) { yarochloride (recrystallised from 
aulinoal m. p. 203-205", not not depressed ae Linen prepaced by the 
Derckhaleen J. Amer. Chem. Soc., 1942, 64, 451)). 


Mannich reaction (Blicke and 


Tapie Il. 


ot coe ie 
3-Amino-1 ; 1-di-2’-thienylaih-l-enes, | C} <COCH-CHR-NR’‘R” 
“= 
Hydrochloride 





/ 


Hase 
B. p. (mm M. Formula. 
o1—o4" (0-05 . 5 Cy H,, NS, HO 
C,H, NS, HC 
. CoH NS HCI 


oF 
wee 


SSS SESE os 
nna oe e 


143 (0-05) . 


112-114 (0-03) 
122—124 (0-04) * 
123-—125 (0-05) 
22—128 (0-03) s . Ns 
119—121 (0-01) ~yelty NS : 1O4 
146—148 (0-401 160-161 * = s : 96 
132135 (0-1) 167— 169 . 5 10-9 
132—-136 (0-05) 188—189 - S, HC 10-5 
130-136 (0-05) 18}--182 > 5 31 4 
110-112 (0-03) 138-139 . 11-5 
116-—118 (0-03) 158—159 Cc rely NS, HCI 10-8 
107—109 (0-03) ¢ (159—-160 *)* 


C, 667; H, 64; N, 4&7; S, 22-4, Cult requires C, 66-4 ; 
C, 660; H, 72; N, 48; S, 220 H, NS, requires C, , N, 48; 
hound. jor hydrate: H,0. 23. lig Set ‘fect! ILO requires H,0, 25% 4 Found : 
; H, 7-3; N, 48: S, 220 yi uires C, 48. 8, 22.0%, * Pound, 
for hydrogen oxalate: S, 16-7. C ie Or nue s, i6 s%. 
* M. p. with decomposition. 


——e ee OO 
-Oo@eorc? 
eeewcorue 


The amino-carbinol was also prepared from 2-8-pyperidinopropionylthiophen hydrochloride (0-1 mol.) 
and 2-thienylmagnesium bromide (0-3 mol.) under conditions similar to those described above, a yield 
of 31% being obtained 

3-Diethylamino-1 : 1-di-2’-thienylpropan-l-ol (I; R = H, R’ « R” « Et). The amino-carbinol was 
obtained in 18% yield from the reaction between 2-thieny!-lithium (0-3 mol.) and ethyl! £-diethylamino- 
propionate (0-1 mol ) under conditions similar to those described above for t ino-analogue. In 
this example also a considerable quantity of a low-boiling fraction was aeataed tes when the crude product 
was distilled under reduced pressure, but on redistillation it boiled over a wide range with some 
decom position 

The amino-carbinols were purified by recrystallisation from ethanol; in those examples for which a 
b. p. is recorded in Table II, the crude products were given a preliminary purification by fractional 
distillation under reduced pressure 

The hydrochlorides were prepared by passing dry hydrogen chioride into a solution of the base in 
chloroform at 0° until neutrality was reached. The salts crystallised on the addition of ether and were 
recrystallised from ethanol 

he oxalates were prepared by mixing the base (1 mol.) in ethanol with anhydrous oxalic acid (1 mol.) 
in ethanol at room temperature. The salts which rapidly separated were recrystallised from ethanol. 
Under these conditions the primary and secondary amino-cartinols gave neutral ovalates, and the tertiary 
amines hydrogen oxalates 
methiodides were prepared by adding methyl! iodide (2 mols.) to a solution of the tertiary amino- 
carbinols in a small volume of acetone After several hours, the salts which had separated were 
rec lised from methanol 

Jehydration of Amino-cartinols.—The method described for the dehydration of the related dipheny!l- 

carbinols (Part I, loc. cit.) was successfully applied to the aminopropanols (I; R — H), the yields of 
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being approx. 70% (example 1). 
K Me), however, extensive 

Sonate The amino-butanols and higher humologees were theretore day 
comditions, whereby the unsaturated amines were obtained usually in welds of - ere eer 
In the preparation of S-tencyimethylamino | 1 -di-2'-thsemylbut-1l-ene (I Reh = Me 1 “A 

this methad considerable quantities of tar were produced. and the yield was 0% 3- aminc-1 -di- 

thienyibutan-l-cl (1; R «— Me, KR’ — KR” — H) was completely decomposed to tarry products by this 
methed. and therefore dehydration was effected under milder conditions as described in example 4. 
Dehydration by warming of the carbinol with hydrochloric acid alone was successful in the preparation 
of 3-diethylemeno-| |: 1 -dt-2’ thienylbut-lene (1V; RK « Me, R° « KR” « Et) (example 5) 

feample |. 3-Dimethylamino-1 : 1 .<di-2’-thienylpropan-l-ol (15 g.) was dissolved in a mixture of 
concentrated hydrochloric acid (30 ¢.c.) and glacial acetic acid (100 cc), and the solution boiled under 
reflux tor 20 minutes. The deeply coloured solution was then concentrated under reduced pressure, the 
reskiue treated with excess of ammonia, and the base extracted with ether. The ethereal solution was 
dried (Na,5O,), the ether evaporated, and the residue distilled under reduced pressure. The product 
3 ponte aed 1: Ldt-2’ thtenylprop-l-ene (TV; R = H, R° = R” « Me), was a colourless mobile liquid 
which became purple on exposure to air and had b Bx 01—04" 0-05 mm. (yield 09 g.. 71%) 

Example 2. 3 Dimethylamino-| : 1-di-2’-thienylbutan-1-ol (15 g.) was boled under reflux in acidic 
solution as described in example 1. A black solid was deposited on the walls of the flask. The mixture 
was concentrated under reduced preasure and filtered. The residue was a black intractable solid (melting 
between 136° and 180°), insoluble in boiling water or aqueous mineral acids; the dark filtrate gave a 
small amount of tarry material when basified 

Esample 3. 3-Piperidino-1 : 1-di-2’-thienylbutan-1-ol (20 g) was warmed on the steam-bath for 
15 mingtes with concentrated hydrochioric acid (40 cc.) and glacial acetic acid (180  « The solution 
was worked up as described in example | (care being taken to keep the temperature low during 
the concentration of the solution), and the product, 3-piperidime-1 | 1 -di-2’-thiemylbut-l.ewe (1V; R 
Me, NER” «~ N<C,H,), was distilled me reduced pressure, having b. p. 132~ 136°/0-05 mm 
(yield 14-6 g., T8%,) 

Example 4. Dry hydrogen chloride was led into a cooled solution of 3-amino-1 : 1-di-2’-thieny! 
butan-1-ol (1-6 g.) in chloroform (8¢.c.). The white solid which separated quickly dissolved, the solution 
became pale brown, and drops of water separated. The « vee solution was dried (Na,SO,) and 
evaporated under reduced pressure to small volume, and ether added gradually until crystallisation 
commenced. 3-Amine-1 : 1-di-2?’ "4" lene hydrochloride (1V; R « Me, R’ R” « H) was 
obtained as fawn-coloured crystals, m 174-175" (decomp ) 

Example 6. 3-Thethylamino-1: 1 j-2’-thienyibutan l-ol (15 g.) was added to hydrochloric acid 
(6~., 75 ¢.c.), and the mixture heated on the steam-bath for 15 minutes. The resulting deeply coloured 
solution was cooled, excess of ammonia added, and the base extracted with chloroform. The chloroform 
was evaporated, and the residual oil distilled under reduced pressure to give 3-diethylamino-1 : 1-ds-2’ 
thienyliat-l-ene (TV; Ko « Me, R° « RK” Et), b. p. 122-—128°/0-03 mm. (10-5 g., 74% 

The 3-amino-1 : I-di-2’-thiemylalh-l-enes and their hydrochlorides are recorded in Table If, The 
hydrochlorides, prepared in « similar manner to those of the amino-carbinols, were recrystallised from 
ethanol-ethy! acetate. In some cases the hydrochlorides were also isolated directly from the dehydration 
mixture by evaporation to dryness and recrystallisation of the solid resdue 

The following methiodides were in eee by mixing the base with excess of methy! iodide in acetone 
solution. After several hours, the product was filtered off and recrystallised from methanol. 3-/):ethy! 
amine-L > 1-di-2’-thienylprop-l-ene methiodide, m. p. 174-—-175° (decomp.) (Found: 1, 31-0. C,,H,NIS, 
requires 1, 303%); 3-pyrrolidino-1 : l-di-2'-thsenylprop-l-ene methiodide, m. p. 186° (decomp.) (Found 
I i 0 Cyglt, 8 IS, requires 1, 30-59%); 3-pipersdino-1 : 1-di-2’-thienyiprop-l-ene methiodide, m. p. 193 
194° (decomp.) (Found: 1,203. C as SIS, requires I, sar 3-domethylamino-1: 1-ds-2’-thienylbus 
l-ene methiodide, decomposes from 130° *TFound I, 32-3 1, NIS, requires I, 31-44% 


The author thanks Mr. J. W. Billinghurst for much valuable assistance and Mr. A. Bennett 
for mcroanalyses 
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181. Reactions of Ethylene Oxides. Part IV. The Reaction of 
E pichlorohydrin with Some Aromatic Amines. 


By W. Davigs and W. E. Savice 


Epichiorobydrin with one mole or two moles of methylaniline gives good yields of |-chloro- 
3-N-methylantiinopropan-2-ol (11) and 1. 3-di-(N-methylanilino)propan-2-ol, respectively 
Modification of the conditions brings about the production of dimethylaniline, |-methy!tetra 
hydrogquinoline, and 3-hydroxy-I-methyltetrabydroquinoline (which readily loses water to 
form l-methy!.!: 2-dihydroquinoline). The basic group in the oxide derived from the 
chlorohydrin (Il) has little effect on its general properties and reactions, which are essentially 
those of a norma! af oxnde 


Reaction of methylaniline and epichlorohydrin, described chiefly in the patent literature, 
has been reinvestigated in order to prepare, and examine the properties of, a compound such as 
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3-N-methylanilinopropylene oxide (I) containing a basic centre separated by one methylene 
group from an a$-oxide ring. The reaction is found to give a variety of products depending on 
the experimental conditions. For example, Eisleb (D.R.-P. 473,210/1929; U.S.P. 
1,790,042/1931) obtained (1) by interaction of equimolar quantities of epichlorohydrin and 
methylaniline in aqueous alcohol, followed by treatment with alkali. On the other hand, 
Lange (D.R.-P. 619,825) obtained 3-hydroxy-l-methyl-1 : 2: 3; 4-tetrahydroquinoline (III) 
when the reaction was carried out in chlorobenzene. It is now found that in hot aqueous 
alcohol or in boiling xylene the chief product is 1-cAloro-3-N-methylamtlimopropan-2-ol (11), 
which is converted by alkali into the oxide (I). 

Further differences are found when the condensation occurs in the absence of 
solvent and when the temperature is varied. | : 3-Di-(N-methylanilino)propan-2-ol was 
the only pure compound isolated, and that in very small yield, by Wedekind and Bruch 
(Annaien, 1929, 471, 94) from equimolar amounts of reactants without a solvent, on the water- 
bath. This diamine is now found to be produced almost quantitatively from two moles of 
methylaniline at rather higher temperatures, a process which recalls the formation of 1 ; 3-di- 
anilinopropan-2-ol from epichlorohbydrin and aniline (Fouconnier, Compt. rend., 1888, 107, 
250; Fukagawa, Her., 1035, 68, B, 1344). 


NPhMe-CH,CH—CH, NPbMeCH,-CH(OH)-CH,C) 
\ 4 
a) © (11) NMe (111) 


Or Sp NPhMe-CH,CH—CH, 
We, 


NMe 1v) Fils (v1) cs 


NPhMe( Hy H “gh 
5 5 


However, if equimolar amounts of the reactants are refluxed without a solvent for a short 
time, the reaction becomes violently exothermic, and the products, after treatment with 
concentrated alkali, are dimethylaniline, kairoline (1- mnathgt 1:2: 3: 4-tetrahydroquinoline), 
and 3-hydroxykairoline (III) in yields of 8, 10, and 45% respectively, the remainder consisting 
of small intermediate fractions and higher-boiling material. If the subsequent alkali treatment 
is omitted, it is very difficult to separate 3-hydroxykairoline by distillation from the chloro- 
hydrin (II) present in the reaction mixture. When the conditions of the reaction are more 
controlled, dimethylaniline, the oxide (1), 3-hydroxykairoline (111), and | : 3-di-(N-methyl- 
anilino)propan-2-ol are isolated in yields of 2, 35, 10, and 2% respectively. The kairoline 
obtained is identified in the usual way. Little information is given by Lange (loc. cit.) about 
the main heterocyclic product 3-hydroxykairoline. It has the high viscosity and boiling 
point characteristic of tertiary ethanolamine derivatives, and the presence of the hydroxy- 
group is shown by reaction with methylmagnesium iodide and pheny! isocyanate. The position 
of the hydroxy-group has not been proved, but the 3-position is to be expected if the nitrogen 
ring is formed by intramolecular reaction of either (1) or (II). Similarly, 3-hydroxy-I-phenyl- 
1:2: 3: 4-tetrahydroquinoline is considered (D.R.-P. 284,201) to be the product from the 
reaction of epichlorohydrin and diphenylamine under pressure, which, if catalysed by sodium 
iodide, is now found to occur at ordinary pressure; the presence of the hydroxy-group is shown 
by the formation of a crystalline phenylurethane. 

3-Hydroxykairoline is converted by distillation over solid potassium hydroxide into a 
lower-boiling liquid, l-methyl-1 : 2-dihydroguinoline (IV), readily reduced to kairoline by zinc 
and sulphuric acid. This dihydro-compound, like 1l-methyl-2-propyl-1 ; 2-dihydroquinoline 
(von Braun and Aust, Ber., 1914, 47, 3023), polymerises readily when kept, thus favouring 
the 1 : 2- rather than the | : 4-dibydro-structure. 

The mechanism of the production of 3-hydroxykairoline (111) is deduced from known reactions 
of epichlorohydrin. Thus, in the presence of hydroxylic solvents o7 at high temperatures, 
epichlorohydrin generally combines with amines to form first the 1-chloropropan-2-ol, and it 
has now been confirmed that with an equimolecular quantity of p-toluidine it gives the 
crystalline p-tolyl analogue of (II) (Cohn and Friedlander, Ber., 1904, 37, 3034); Drefus (F.P. 
702,553) claims a similar preparation of the a-naphthylanalogue. Lange (U.S.P. 2,150,001 /1939) 
also reports that primary aromatic amines can yield tertiary amines of the type 
ArN(CH,CH(OH)-CH,Cl),. Thus, methylaniline probably produces initially (IT) which then 
cyclises to (III) with loss of hydrogen chloride. This view is supported by the decomposition 
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of (11) at 180-200", to give 60% of (I11) together with dimethyianiline and a polymer. A 
smilar ring closure is involved in the formation of lilohdine by heating 1-3’-chloropropyidi- 
hydroindole (von Braun, Heider, and Wyczatkowska, Ber., 1918, 561, 1219), and in the mechanism 
postulated by Lange (1G. Farbenind., Zetco Reports, Jan., 1946, F.1.A.T. Microfilm Reel C 60, 
PB L 66079) for the production of 3-hydroxytetrahydroquinoline derivatives from epichioro- 
hydrin and a- or $-naphthylamine or secondary arylalkylamines. Further analogous reactions 
involving prunary and secondary aromatic amines are set out by Lange and Helberger (D.R.-P 
634,038) and Lange (U.S_P. 2,194,900/1940) 

The condensation of methylaniline or similar amines with epichlorohydrin to produce 
kairoline (or analogous bases) and dimethylaniline (or similar amines) 1s apparently novel, and 
the mechaniam is not yet clearly understood. Dunlop and Jones (/.. 1909, 96, 420) showed 
that methylaniline was converted into dimethylaniline by methyl bromide which is produced 
when ethylene dibromide and methylaniline form 1: 4-diphenylpiperazine. (For similar 
fissions of alky! groups attached to nitrogen see Wedekind and Bruch, Joc. cit., p. 76, and Thorpe 
and Wood, /., 1013, 108, 1611.) The somewhat analogous conversion of methylaniline into 
dimethylaniline may occur via methyl! chloride during the condensation with epschlorohydrin, 
but it is probable that an intermediate compound (¢.g., Il) undergoes fission at the link between 
the N-CH, and the CH(OH Phat this link can be unstable in halogen-free compounds related 
to (11) «8 shown by the production of dimethylaniline in 50% yield on decomposition of the 
crude frithiocarbonate (V1) by heat. Moreover, the production of dimethylaniline during the 
inter-action of methylaniline and epichlorohydrin seems to be associated with the formation 
of kairoline. This and associated reactions are being further investigated 

The oxide (1) has been examined in order to verify its structure, since condensations of 
epu hlorohydnn with certain reagents have been found to give the unsaturated alcohol rather 
than the expected oxide. Thus, with sodium acetylide epichlorohydrin gives pent-2-en-4- 
yo-l-ol, CHIC-CELCH-CHyOH (Haynes, Heilbron, Jones, and Sondheimer, ]., 1947, 1610) 
and with sodium sulphinates gives sulphones R-SO,CHICH-<CH,OH (Culvenor, Davies, and 
Savige, /.. 1049, 2200) which are also formed by the action of cold dilute alkali on the chloro- 
alcohols, K-SOYCH yCH(OH)CH,Cl. The dioxan type of dimer from the unsaturated alcohol 
is also sometimes formed, but that possibility is discarded in the case of the methylaniline 
pruduct, because the latter has great chemical activity and a low boiling point. The following 
reactions of (1) are characteristic of af-oxides, and are unlikely to occur readily with the 
unsaturated alcohol, NPhMe-CHICH-CH,OH unless its double bond is far more reactive than 
the formula indicates 

Methylaniline gives with (1) the expected crystalline diamine | : 3-di-(N-methylanilino) 

propan-2-ol; Eisleb (/ #.; also U.S.P. 1,845,403/1932) obtained analogous products from 
(1) with ammonia and with ethylamine. The oxide (1) is converted by dilute sulphuric acid 
into the crystalline giycol, NPhMe*CH,CH(OH)-CH,-OH, by sodium sulphite into an isethionate, 
probably NPhMeCHyCH(OH)CHySO,Na, and by thiourea into the corresponding sulphide 
V Potassium methy! xanthate (cf. Calvenor, Davies, and Pausacker, /., 1946, 1051) with 
1) forms the corresponding impure trithiocarbonate (V1) characterised as its picraie. Finally, 
the absence of active hydrogen was shown by failure to react with methylmagnesium iodide, and 
absence of a hydroxy-group by infra-red analysis, indicating that the compound is the oxide 
(1) and not the unsaturated alcohol 

It is to be expected that salt formation involving the nitrogen in (1) would favour the 
formation of the unsaturated alcohol, but it has not been possible to obtain a crystalline methyl! 
iodide derivative of (1), and dry hydrogen chloride at 0° yields an oily hydrochloride which 
cannot be purified and readily isomerises on warming to give a chlorohydrin, probably (II) 
However, the corresponding sulphide (V) does give a crystalline monomethiodide, which is 
regarded as an ammonium and not a sulphonium salt (cf. Culvenor, Davies, and Heath, /., 1949 
282) and shows evidence { the retention of the thiairene ring he properties of 25 oxides 
containing an electrophilic group are being further studied 


EXPERIMENTAL, 

I mtevaction of Alorohydrim with Methylanslome 1-Chlovo-3-N-methylansiimopropan-2-ol (il), a pale 
yellow viscous liqu 132-134" 0-8 mm. 140° /2-5 mm., aff 1-572, was obtained when epichioro- 
hydrin (25 mi. 0.32 m methylaniline (25 ml., 023 mol), water (20 ml.), and alcohol (30 ml.) were 
heated under rettux { ! hours and then treated with water (20 ml.), the product being extracted with 
ether, dried, and distilled ad: C, 61-3, 61-25; H, 72,70; N, 74. C,H,,ONC) requires C, 60-2 
H. 70; N, 70%, he h values for carbon and nitrogen are attributed to slight contamination of 
the product with 3-hydroxykairoline (111) into which (11) was partly converted at the temperature of 
dtetillations Whe | as recistilled at 167°/15 mm., sufficient ([1I) was produced to be identified 
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as its methiodide, and tho last tow vienna dngn ct he Goeienamss Bo ties attention ph sad eines 
yianiline h The vad asthe tantiine on. i 


150C te, methy! iodide, or dry Tr. a 

3-Di-(N-methyianihno)propan-2 b. p. 196—1098°/0-25 mm., m. p. 80", short needles from 
benzene—light pet m (Found: C, 76-4; 825; N, 10-15, Cale. for C,,H,ON,: C, 75-6; H, 
815; N, Wag previously made by Wedekind and Bruch (lee. cit.. who record m. p a2”, b Pp 180— 
240°/20 mm.), was formed almost Suntiatively from methylaniline (2-5 g.) and epichlorohydrin 
(0-9 g.) at 155° a am and then 170° (1 hour), the viscous acid product being then dissolved in dilute 
hydrochloric acid (5 mi.) and treated with aqueous sodium hydroxide. 

In the absence of solvents, equimolecular amounts of meth ylaniline and —o gave l-methyl- 
tetrahydroquinoline derivatives, the formation of which was favoured by high temperatures. Residual 
viscous materia! was also produced, and this can be the main product if the temperature of the reaction 
is too high. The following are typical condensations. (i) Epichlorohydrin (34-5 mi.) was heated under 
reflux, and methylenifine | (43-6 ml.) added in smal) portions during } hour. Five minutes later, an 
exothermic reaction occurred, the temperature rising to > 200°. The mixture was warmed on the water- 
bath for a further hour, cooled, and stirred with ether and a solution of sodium hydroxide (25 g.) in 
water (5) mi.) for | hour. The dried ethereal extract gave, after two refractionations, the following 
chlorine-free fractions, together with unchanged epichlorohydrin (5 m1.) and a viscous residue (20 ml.) 
©) b p. 74—77°/13 mm. (6 ml.), identified by its picrate as dimethylaniline ; ve b ~*~ 62° /0- 7. 

756 mm., sf} 1-585 (5 m.), kairoline (Found: C, 61-65; H, 90; N, 97 OF CygHl yy 
os 65; H, 8-85: N, 95%), a mobile liquid insoluble in water; and (c) b. p eine? oO it aR 
290° /760 mm., “P 1-595 (35 ml.), 3-hydroxykairoline (III), an extremely viscous liquid for which Lange 
(D.R.-P. 619,825) gives b. p 165- a /12 mm. (Found: C, 73-0, 73-6; H, 7-9, 82; N, 83. Cale. for 
CyH,ON : C, 736; H, 80; N, 86 

(ii) Epichlorohydrin (21-8 ml.) and methylaniline (26-2 ml.), after reaction as described above except 
that adequate external cooling was methyl the onset, were heated at 180° for 14 hours, to give 
(a) dimethylaniline, b 82°/12 mm. (1 ml.j), which exhibited slight fluorescence; (6) 3-N-methyl- 
anilhnopropyiene oxide ch. b. p. 140-—146°/12 mm. (18 m1), identified as picrate; (c) 3-hydroxykairoline, 
b. p. 156——161°/12 mm. (5 ml.), identified as picrolonate; and (d) | : 3-di-(N-methy ) propan-2-ol, 
b. p. 195—198°/0-25 mm., m. p. 80°, identified by a mixed m. p. No kairoline was isolated in this 
case, although formation of a very smal] amount is not precluded. Much residue was again obtained. 

Kairoline was identified as methiodide, m. p. 171-5", and picrate, m, p. 137-5", both m. p.s being 
undepressed on admixture with the respective derivatives of commercial on oS 1. The 
m. p. of the picrate of the commercial! base could not be raised above 125° the use of neutral organic 
solvents, but crystallisation from dilute acetic acid gave materia! of m. p. tee -135° ; the impurity was 
quinoline, and the presence of this or similar substances may be the reason for the wide variation in the 
m. p. (125° to 145°) recorded in the literature. 3-Hydroxykairoline with nitrous acid eve an > 
colour which changed to green on neutralisation with aqueous ammonia. With meth 
iodide 3-hydroxykairoline gave methane, and with phenyl tsocyanate in benzene at 100° th bon ar hour) ave 
an uncrystallisable oil ‘o precipitate was formed on treatment with alcoholic picric acid, but 
with pic rolonic acid a sparingly soluble picrolonate, m. 185° (decomp.), yellow needles from acetone. 
was obtained (Found ; C, 55-85; H,49. C,H ON, Chi ON, requires C, 56-15; H, 49%). Warming 


the base with excess of methy! iodide gave a methiodide , m. p. 157° (slight decomp } (pri from 
acetone-ether) CH ONT variable according to the rate of a (Found: C, 43-1; ii 35; N 


445, 1, 418 requires C, 43-3; H, 5-25; N, 4-6; 41-65%). 

1-Methyi-1 ; $hapdroquinelons (IV).——-This base, b. p. 128°) ts mm., was obtained in theoretical 
yield when 3-hydroxykairoline (5 g.) was heated with powdered potassium hydroxide (65 g.) in a distilling 
flask at 190°/20 min., the distillate ele. he immediately (Found: C, 83-0 , 765; N, 06 
Cy,H,,N requires C, 82-7; H, 7-6; N,9 It is a mobile water-insoluble liquid, aqueous-alcobolic 
solutions of which fluoresce. It formed a saathbodide, m. p. 205° (with sublimation), ly developed 
a red colour, and became cloudy and viscous after 24 hours, even in a sealed tube or in the presence of a 
trace of quinol. It was not re-formed by heating the viscous material, which partly solidified during 
7 days ¢ polymer was insoluble in alcohol, but acetone dissolved the adhering oil, leaving a white 
powder which dissolved in hot alcohol and was re-precipitated on cooling. Two repetitions of this 
treatment gave an amorphous polymer, m P, 100° (Found: C, 82-1, H, 80%), which darkened during 
several days, while the m. p. fell to 04-—97 

Conversion of (IV) into Kairoline.—To monomeric (IV) (3 g.) in dilute su oy acid (15 mil.) at 
100° zinc dust (10 g.) was added in portions during 14 hours, with occasional The mixture was 
filtered, made alkaline with aqueous sodium hydroxide, and extracted with hen The dried extract 
on distillation gave a stable mobile liquid, identified as kairoline, b. p. 110°/15 mm. (0-5 g.), by a mixed 
m. p. determination of its picrate. 

Production of 3-Hydroxykasrolie from eS 2-ol (I1).—-The chlorohydrin 
(Il) (5 g.) was heated at 190-200" for 2 hours, gaseous evolved, The dark, viscous 
residue was shaken with a mixture of ether and 5% aqueous sodium aiedauie The dried ethereal extract 
— dimethylaniline, b. p. 110°/20 mm. (0-5 ml.) — -r- as picrate), and 3-hydroxykairoline, 

p. 130—135°/1 mm. (2-5 g.), identified us picrolonate. The remainder was high-boiling material. 

Preparation and Reactions of 3-N-Methylanil Oxide —-The crude undistilled ee 
(II) was converted by cold 50% sodium hydroxide tion into 3-N-meth ylene ow 
b. p. 120-—122°/3 mm., 107° 0-5 mm., #}f 1-562 (Found ‘c 73-6; H, 7-8; N, 6-8. “or CH 
C, 73-6; H, 7-06; N, 86%), in 74% yield. Eisleb (loc. cit.) records b. p. 132-134" 8 mm., 
162°/30 mm. A 10%, yield of 1: 3-di-(N-methylanilino)propan-2-ol was also formed. 

3M 
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The oxide was characterised as picrate, m. p. 109°, yellow priams from alcohol (Found: N, 
Cyl WON,C H,O,N, requires N, 14-53%), did not prodace methane with methyimagnesium iodide, and 
gave bo precipitate with aqueous p-aitrophenylhydrazine hydrochloride. Infra-red analysis (for which 
we thank Dr | B. Willis) showed the abeence of hydroxy-grow The product formed on heating (1) 
(1-63 ¢) and methylanifine (1-24 g.) at 160° for 2 hours suliies on cooling, washing the prodect with 
light ae gave 1: 3-<di-(N yn ar yy a (LV), m. p. 80", without recrystallisation 

4 Methylaniimopropylene Glycol he gives’, b. p. 156--155°/0-5 mm. m. p. 74--75", plates 
from benvene light petroleum, was prepared by heating (1) (5 ¢.) in Sw-sulphuric acid (10 ml.) under 
gentic reflux for § hour, cooling, and carefully neutralising the mixture with concentrated aqueous 
ammonta (Foeand) ©, 6656; H.835. C,H,,O,N requires C, 66-3; H, 83%). In a first experiment, 
orystaliimation of this glycol, which was diffeult to extract from aqueous medium with ether, was 
effected only after evaporation to dryness and extraction with alcohol-ether, followed by distillation 
and digestion of the distillate with cold ether, in a second experiment crystallisation was eflected by 
seeding the crude reaction mixtare. The glycol was readily soluble in aloohol or benzene, slightly 
soluble tn ether or water, and sparingly so in light petroleum 

Sodium 3N-Methylan » 2 hydroxy propane-|-suiphonate —This salt (Found: Na,§65. ©,,H,O,5Na 
requires Na #6%). mp. 266", lustrous plates from 90% alcohol, was obtained when the oxide (1) 

1-63 ¢ ) in aleohol was mixed with sodiam sualphite (3 ¢ ) and the mixture bufflered to neutrality (phenol- 
phthaletn) with acetic acid and aqueous sadiam acetate) The mixture was then kept at 30° for 15 bours 
snd concentrated. This isethionate is readily soluble in water (cf. Lager and Hill, /. Amer. Chem. Soc., 
1936. 68, i873 

Attempts to make pure salts, other than the picrate, from (1) were unsuccessful \n uncrystallisable 
4] was obtained when (1) was heated with excess of methy! iodide for § hour. Dry hydrogen chloride 
was passed into a solution of (1) (1-63 ¢.) in dry benzene at 0°, with cooling, anti) the weight had 
moreased by 636 g. The mobile oil which separated dissolved by warming to 60° and was not 
reprecipitated on cooling Distillation gave a main fraction b. p. 140°/1-2 mm., aff 1-572, which 
contained nen-ronic chlorine and was probably the chlorohydrin (11) or an isomer 

N. Methylanuimomethyl thiawene|-propylene Sulphide) (\ This compound, a pale yellow liquid, b. p 
107.108" 0-1 mm. 156°/12 mm, wf | eos powmessing a slight offensive odour, was obtained (3 ¢ 
when thiourea (2.5 ¢) and (1) (@1 ¢.) in methanol (20 mi.) were stirred at 0° for 1) hours, the mixture 
being then poured into water (100 ml). extracted with chloroform, dried, distilled. and fractionated to 
remove unchanged oxide (Found: N, 7-7. C,.H,.NS requires N. 7-8% lt forms a sparingly soluble 
porate, yellow pyraméid-like crystals (from alcohol} mp. 765° (Found: 5, 7-8. ¢ “HANS eH,O.N, 
requires 5S, 7-46% When the sulphide (V) was heated under reflux with a large excess of methyl 
todide for 15 minutes, « crystalline methiodide was rapidly precipitated, reerystallisation from alcohol 
benzene giving plates, m. p. 147.5" (Pound: 5,99; 1, 4025. C,,H,.NIS requires 5S, 9-95. | 
aslablie in water, bet rapidly j ts 
636 708 Nitrogen was react 
azide, iodine, and potassram todide in water 

3-N-Methylantiinopropylene Trithtocarbomale (V1) This was obtained as a viscous, malodorous, 
non-<distillable, yellow ot! when the oxide (1) (43 g.) and excess of potassium methylxanthate were kept 
in methy! aleahel for 18 hours The of} was extracted with benzene, the extract washed well with 
water and methanol and dried. and the benzene evaporated off Like most trithiocarbonates, it was only 
sparingly soluble im alcohal, ether, or acetone, but readily soluble in benzene of chloroform A benzene 
solution of the andistilied ester was warmed with an excess of alcoholic picric acid and the reddish oil 
eet aside until crystallisation oecurred Recrystallisation trom alcohol, in which it is not very soluble, 
gave yellow crystals of the prerate, m. p. 124-125" (Found: 5,199. C,,H,NS,.C,H,O.N, requires 5S, 
19-45%, On attempted distillation of the ester at 06 mm., decomposition occurred at 200°, the 
dvetiliate qemting mainly of dimethylaniline, as shown by its conversion m high yield by picrolomic acid 
into dimethylaniline prcrolomate, small yellow prisms (Found: N, 18-06. C,H,,N.C,,H,O,N, requires 
N. is2° m t00° (from alcohel) not depressed on admixture with the authentic picrolonate 

Reactoon of PF pechlorohydrin wath Diphenylamime.——No reaction occurred when a mixture of these 
compounds was refluxed without a catalyst Diphenylamine (16-9 ¢), epichlorohydrin (13-9 ¢.), and 
wxdiarn lide (10 ¢ ) were refluxed for 5 hours, cooled, decanted from inorganic material, and distilled, 
frst at 15 mm whereapon a mixtere of gaseous hydrogen chioride and iodide distilled together with 
unchanged epichiorohydrin below 140°, and then at 15 mm. whereupon unchanged diphenylamine, 
b p 130170", and crude 3-hydroxy-I-phenyl-l : 2: 3: 4-tetrahydroquinoline, b. p. 175--183°, were 
4 tte. ted The latter was purifed by recdestillation and solidifed on storage Recrystallisation from 
benrene-light petroleum gave a halogen-free prodact (7 ¢), m. p. 78—79°; m. p. 79° is recorded in 
DR.P. 284.201 This compound (1 g.) and phenyl tsecyanate (1-4 g.) in dry benzene, when kept in a 
sealed tube for 3 days at 30°, gave a cardbaniiaiz, m. p. 127° (Found: N, 835. C,,H,O,N, requires N, 
s 15%) needles trom alcoho! 

Reaction of F prchlorvhydrin with p-Toluidine.—The use of aqueous alcohol as in the method of Coha 
and Friedlaender !) gave I-chloro-3-¢-toluidinopropan-2-ol, leaflets (from alcohol), m. p. §1—82°. 
No distillate was obtained when this product was heated at 220° /0-8 mm.; there was a smal! sublimate 
of a basic hydrochlornk On cooling, the contents of the flask set to a hard resin which was only 
sparingly soluble in aqueous of orgame solvents. When the chlorohydrin was stirred in benzene with 
#* axtiam hydroxkte solution for | hour and the benzene was evaporated off at room temperature, a 
similar glassy resia was obtained, which has possible technical applications 


The micro-analyses were made by N. L. Lottkowitz. One of us (W. E. 5.) acknowledges financial 
assistance from the Commonwealth Reconstruction Training Scheme. 
Oseanrc Curmistey Laporarory 
Unrveesiry of MELeouRNE Recewed, December 14th, 1949.) 
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182. The Chemistry of Fungi. Part IX. 3: 4-Dihydrocowmarins. 
By F. M. Dean, Atexanper Rosertsonx, and W. B. WHatiey. 


The preparation of typical 3: é-dihydrocoumarin-3-carboxylic acids and J-acetyl-3 : 4-di- 
hydrocoumarins by hydrogenation of the corresponding coumarin derivatives is described 
From an examination of the properties of these products it has been concluded that O-dimethyl- 
citromycin is not a derivative of 3: 4-dibydrocoumarin as proposed in Part IIT (foc. cst.) 

It ws probable that the “diacetyl” derivative of 3: 4-dihydrocoumarin described by 
Kaestner (loc. cit.) is 6-acetoacetyl-3 . 4-dihydrocoumarin 


From the evidence then available it was concluded in Part ITI (/., 1949, 848) that citromycin and 
its dimethyl! ether possessed a linear type of structure which could be envisaged as a cyclisation 
product of a 3: 4-dihydrocoumarin derivative type (III; R« Ac). Further, the methylene 
group in the 4-position of the coumarin residue (III) was considered to be involved in the novel 
oxidation (CH, ——> ‘CH(OH) ——> ‘CO effected with ozone and in the hydroxylation process 
with lead tetra-acetate, a view which appeared to receive support from studies on the oxidation 
of xanthens under similar conditions Part VIII (/., 1949, 1567). The experiments described 
in the present communication were undertaken during our search for collateral evidence in 
support of the proposed structure for O-dimethylcitromycin and had three objectives: (@) to 
investigate the preparation of dihydrocoumarins of types (II) and (III; R « H) which could 
be employed as intermediates in the synthesis of (III; R « Ac) and hence of O-dimethy! 


‘> ‘>? ‘ 
4 3] ‘ co ‘\ oe > 
CO,H J CH-CO,R CHCO-CH,R 
ch, cH, 
1) it mT 


citromycin; (5) to compare the 2: 4-dinitrophenylhydrazone of (II1; R= H) with the 
corresponding derivative, m. p. 282° (decomp.), of a product which was considered to be 
(111; R = H) (Part III, loc. cit.); and (c) to examine the behaviour of compounds of types (11) 
and (III; RK = H) towards lead tetra-acetate and hydrolytic agents because compounds having 
structures (II) and (111; R « H) would provide a closer analogy with O-dimethylicitromycin 
than do the xanthens (Part VIII, loc. cat.). 

The preparation of 3: 4-dihydrocoumarin-3-carboxylic acids containing a quinol nucleus 
by the hydrogenation of the corresponding coumarin-3-carboxylic acids has been extensively 
studied by Smith and his collaborators (see, ¢.g., ]. Amer. Chem. Soc., 1936, 58, 304) who have 
also described the preparation of 6-hydroxy- and 6-methoxy-3-acetyl-5 : 7 : 8-trimethyl-3 : 4- 
dihydrocoumarin by the hydrogenation of 6-hydroxy-3-acety!-5 : 7 : 8-trimethylcoumarin and 
its methy! ether (ibid., 1937, 59, 667). In the present work similar methods have been employed 

The hydrogenation of coumarin-3-carboxylic acid in the form of its sodium salt with a 
palladium—charcoal catalyst gave a mixture of the expected 3 : 4-dihydrocoumarin-3-carborylic 
acid with its hydrated derivative, 2-hydroxybenzyimalonic acid, which became the main product 
when 3: 4-dihydrocoumarin-3-carboxylic acid, which separated initially on acidification of the 
filtered reaction mixture, was kept in contact with the mother-liquor. Methyl 2-hydroxy- 
benzylmalonate was prepared by means of diazomethane and on distillation gave an almost 
quantitative yield of methyl 3 : 4-dihydrocoumarin-3-carboxylate which was also formed by the 
hydrogenation of coumarin-3-carboxylic acid in methanol. The hydrogenation of 6 : 7-di- 
methoxycoumarin-3-carborylic acid (1) as its sodium salt furnished a mixture of 6 : 7-dimethoxy- 
3 : 4-dihydrocoumarin-3-carboxylic acid (II; R = H) and the corresponding benzylmalonic 
acid which on distillation in a vacuum gave rise to 6: 7-dimethoxy-3 : 4-dihydrocoumarin 
Treatment of the mixed acids with an excess of etherea) diazomethane gave the esters from 
which methyl 6 : 7-dimethory-3 : 4-dihydrocoumarin-3-carbosylate (11; R «= Me) was isolated. 
When it was found that the acid chloride of 3 : 4-dihydrocoumarin-3-carboxylic acid could not 
be obtained by one or other of the standard methods, the preparation of other members of this 
series was abandoned. 

Application of the hydrogenation process to 3-acetylcoumarin gave an excellent yield of 
3-acetyl-3 : 4-dihydrocoumarin apparently as a keto-enol equilibrium mixture, in all probability 
(IV; R= H) and (V), from which the pure keto-form giving a negative ferric reaction was 
isolated. Acetylation of the mixture gave the acetate (IV; R = Ac) of the enolic compound 
which, as expected, did not react with ketonic reagents. The independent synthesis of 3-acetyl- 











S06 Dean, Robertson, and Whalley : 


3: 4-dihydrocoumarin in smal! yield by the interaction of 2-(ethyl carbonato)benszylacetone and 
ethy! carbonate in the presence of sodium served to confirm the structure of the compound. In 
contrast to the behaviour of the parent 3-acetylcoumarin the hydrogenation of 6 : 7-dimethoxy- 
D-acetylcoumarin was much slower and the main product was 6 : 7-dimethory-3-ethylcoumarin 
accompanied by only small amounts of the required 6 : 7-dimethory-3-acetyl-3 : 4-dihydrocoumarin 
11; Ko» H), the 2: 4-dinitrophenylhydrazone, m. p..228°, of which was not identical with 
the prodsct, m. p. 282° (decomp.}), obtained from O-dimethyicitromycin (Part III, loc. ctt.); 
the yield of (111; KR  H) was slightly increased when platinum-charcoal was employed as the 
catalyst in place of palladium-charcoal. Consequently we examined the hydrogenation of a 
number of analogous 3-acetylcoumarins under similar conditions 


<4) 41) 
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3-Acetyl-6-methyl- and 6-methory-3-acetyl-coumarin behaved normally, giving the respective 
3 4-diAydrocoumarims. On the other hand 3-acetyl-7-methyl- and 7-methory-3-acetyl-coumarin 
gave only small yields of the 3: 4-diAydrocoumarins which were separated from the main 
products of the reaction by taking advantage of the fact that 3-acetyl-3 : 4-dihydrocoumarins 
readily form chelated derivatives on treatment with aqueous copper acetate. From 3-acetyl-7 
methylcoumarin the principal hydrogenation product was a compound which was readily 
differentiated from 7-methyl-3-elhylcoumann and appeared to be 7-methy!-3-1'-hyvdroxyethyi 
coumarin. With 7-methoxy-3-acetylcoumarin the main product was 7-methoxry-3-ethylcoumaris 
whilst 7-hydroxy-3-acetylcoumarin gave only the corresponding 3-ethylcoumarin 

In their behaviour towards oxidising and hydrolytic agents the 3 
derivatives which have been examined showed a 
under comparable conditions. 3 


4~lihydrocoumarin 
marked contrast to O-dimethylcitromyci: 
4-Dihydrocoumarin-3-carboxylic acid and its methyl ester 
and 3-acetyl-3 : 4-dihydrocoumarin together with its 6-methyl and 6-methoxy-derivatives 
readily underwent dehydrogenation with lead tetra-acetate, regenerating the parent coumarin 
derivatives which did not appear to be accompanied by detectable amounts of products 
oxygenated at the 4-position. In this connection it is of interest to note that 6-methoxy- and 
6. 7-dimethoxy-3-acety!-3 : 4-dihydrocoumarin are readily dehydrogenated to the corresponding 
coumarins when solutions of the compounds are exposed to atmospheric oxygen, whilst in an 
alcoholic solution of 2: 4-dinitrophenylhydrazine the 2 : 4-dinttrophenylhydrazone of 3-acety! 
3: 4-dibydrocoumarin is oxidised to the 2: 4-dimitrophenylhydrazone of 3-acet ylcoumarin The 
action of lead tetra-acetate clearly proceeds by the replacement of the active hydrogen atom 
in the 3- position of the 3-carboxy- or 3-acetyl-dihydrocoumarin by an acetoxy-group followed 


by the loss of acetic acid and the formation of the coumarin system. This reaction 


mechanism is in keeping with the failure of the reagent to dehydrogenate 3 : 4-dihydrocoumarin 
its 6: 7<limethoxy~lerivative, or the acefate (VIII) of the enolic form of 6-methyi-3-acetv! 


3. 4-dihydrocoumarin., On ozonolysis 6-methoxy-3-acetyl-3 : 4-dihbydrocoumarin 


furnished a 
mixture from which 3-Aydr 


ry-6-methoxycoumarin and 2-hydroxy-4-methoxybenzaldehyde were 
isolated, but a search failed to reveal the presence of 4-hydroxy-6-methoxy-3-acetylcoumarin. 

In their behaviour on hydrolysis with acidic and alkaline reagents 3-acety!-3 ; 4-dihvdro 
coumarins difler markedly from O-dimethvicitromycin With these reagents the lactone ring 
of the dibydrocoumarin is opened and carbon dioxide is then eliminated, 
formation of 2-hydroxybenzvlacetones which 
the ketonic and cvcli 


resulting in the 
in the examples studied, have been isolated in 
forms represented by types (VI) and (VII) respectively. The alkali 
insoluble cyclic forms readily give the 2 : 4-dinitrophenylhydrazones derived from the ketones 
From our examination of the properties of 3: 4-dihydrocoumarins it now seems reasonably 
certain that the citromycin molecule does not contain a 3: 4-dihvdrocoumarin residue as 
suggested in Part III (/ cut Hydrolysis of citromycin or its dimethyl! ether under a variety 
of conditions (Part III and unpublished work) has failed to yield products containing a 
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2-hydroxybenzylacetone nucleus. Further, the proposed formule for citromycin and its 
ether (Part III) implied that in the degradation of the ether to 2-hydroxy-4 : 5-dimethoxy- 
acetophenone and -benzoic acid with alkali the methylene group in the 4-position of the 
3: 4-dihydrocoumarin residue was oxidised, whereas the authentic 3: 4-dihydrocoumarin 
derivatives examined do not undergo degradation in this way. 

In the course of exploratory experiments on the synthesis of 3-acety!-3 : 4-dihydrocoumarins 
by alternate routes we examined the reaction reported by Kaestner (“ Newer Methods of 
Preparative Organic Chemistry,” 1048, New York, p. 206) by which 3: 4-dihydrocoumarin is 
stated to be acetylated with the aid of boron trifluoride, giving the 3 : 6-diacety! derivative (X) 
On the basis of this result it seemed reasonable to expect that 3 : 4-dihydrocoumarins substituted 
in the 6-position would give the 3-acetyl derivative (type II], R = H). This reaction failed, 
however, in the case of 6 : 7-dimethoxy-3 : 4-dibydrocoumarin, a result which led us to examine 
the diacety! derivative of 3 : 4-dihydrocoumarin described by Kaestner who did not, however, 
record the melting point of the compound. Though our investigation is not yet complete, it 
appears that the compound is not 3: 6-diacety!l-3: 4-dihydrocoumarin (X), but, from the 
following considerations is, in all probability, 6-acetoacetyl-3 : 4-dihydrocoumarin (XI) 


_ oO o. 
¢O o™/ oO 70 
CH-COMe MeCO-CH,CO H, JO-CH,R 

CH, ch, 

2 = XI.) 


(a) Kaestner’s compound gives a deep-red ferric reaction typical of compounds 
containing the group -CO-CH,°CO-, whereas 3-acety!l-3 : 4-dihydrocoumarins invariably give a 
characteristic intense purple ferric reaction which we would not expect to be modified by the 
presence of an acetyl group in the 6-position. 

(6) The compound is hydrolysed with 2n-aqueous sodium hydroxide to a product believed 
to be 6-acetyl-3: 4-dihyvdrocoumarin (cf. Kaestner Joc. cit.), whereas dihydrocoumarins 
C-acetylated in the 3-position invariably give a 2-hydroxybenzylacetone derivative 

(c) With lead tetra-acetate the compound reacts rapidly yielding an oil which retains the 
red ferric reaction—a property in keeping with the acetoxylation of a §-diketone, #.., 
*COCH SCO —» -CO*CH(O-COMe)*CO*, whereas a dihydrocoumarin of the type (X) would be 
expected to undergo dehydrogenation yielding 3 : 6-diacetylcoumarin which would not give a 
ferric reaction 

(d) As far as we are aware §-ketonic esters cannot be prepared by the boron trifluoride 
acetic anhydride method, and dihydrocoumarins substituted in the 6-position do not appear 
to form the corresponding 3-acetyl-3: 4-dihydrocoumarins by this method. The latter 
compounds form comparatively stable complexes with boron trifluoride which do not react 
further and hence we were unable to prepare, by this route, 3-acetoacetyl-3 : 4-dihydro- 
coumarins cyclisation of which might be expected to give compounds having the type of 
structure proposed for O-dimethylcitromycin in Part ITI (loc. ctt.). It would appear, therefore, 
that in Kaestner’s preparation acetylation of dihydrocoumarin occurs first in the 6-position 
and, as the methy! of the C-acetyl group is more reactive than the a-methylene of an ester or 
lactone, further acetylation then takes place giving the 6-acetoacety! derivative (XI) by way 
of the boron trifluoride complex. It is of interest to note that the acetylation of 3-acetyl 
coumarin (XII; RK = H) by the same method gave 3-acetoacetylcoumarin (XII; K Ac) 
which Trenknerowna (Rocenthi Chem., 1936, 16, 6, 10) has synthesised by an independent route 
and which has a ferric reaction similar to Kaestner’s compound 


EXPERIMENTAL. 


3: 4-Dihydrocoumarin-3-carborylic Acid.—The sodium salt of coumarin-3-carboxylic acid in water 
(150 ml.) was prepared as a slurry from the acid (4 g.) and sodium hydrogen carbonate (2-1 is) and 
subjected to hydrogenation with a palladium-charcoal catalyst (from 1 g. of charcoal and 0-4 ae of 
palladium chloride) and hydrogen at 62 Ibs. /sq. in. for 4 hours. On acidification with hydrochloric acid 
the filtered solution opeane during 10 minutes 3: 4-dihydrocoumarin-3-carborylic acid as a mass of 
fine needles (Found , 625; H, 45. Cy H,O, requires C, 62-5; H, 42%) which had m. p. 142° after 
recrystallisation from ane or ethyl acetate; the yield was somewhat ee but in general about 
2-5 g. were obtained from 4 g. of coumarin- 3-carbuxyhic acid. This dih solu 
in warm ligroin and readily soluble in alcohol or aqueous sodiam hydrogen pre ted g and on being 
kept at 150-—160° for 15 minutes decom with the evolution of carbon dioxide, giving a quantitative 
yield of 3: 4-dibydrocoumarin, b. p. 178°/0-1 mm., which was identified by being cqmverted into the 
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hydrazide, m p 166°, of metibotic acid (undepressed on admixture with an authentic specumen) ( Pschérr 
and binbeck, ke , 1005, 98. 2070, gave m p. 164-165"). Prepared by means of diazomethane, methy/ 
3: 4-dihydrocoumarin 3-carbesyias formed colourless prima, m p. 98-100", from 85% alcohol, 
insoluble in aqueous sodium hydrogen carbonate and slowly soluble in 2x-aqueous sodium ‘hydroxide 
(Pound: C, 663; H.60. C,H, requires C, 64-1; H, 49% 

When the crude 3. 4-dihydrocoumarin-3-carboxylic achd was left im contact with the acidified 
mother liquor the sold dissolved. and om beng kept for several weeks the sulutian gradually deposited 
2 -Aydrosyhensylmalome acid in large colourless isms, m. p. 142° (decomp.), readily soluble L aqueous 
eodinm hydrogen carbonate [Pound : C, 574; 40%; equiv. (by titration), 1004. CHO, requires 
C, 87-2, HL, 4O%: equiv, 106) A omall quantity of this malonic acid was Lae pr ot ar from 
the sefution beft “atter the separation of 3) 4-dihydrocoumarin-3-carboxyhe aad. Although a mixture 
of this dubasw acid and 3 é-dithydrocoumans-3-carboxyl aud did not show a depression in the meluny 
pomt, it was clear that the two substances were not identical, Esterification of the dibasic acid with 
etherea) diazomethane yielded a liquid which, on distillation in a vacuum at 134-——136°/0-5 mm., was 
completely comverted into methyl 3: 4-dihydrocoumarin-3-carboxylate, m. p. and mixed m. p. 08", 
after purification 

Hydrogenation of cowmacin- 3-carbouylic acid (10 g.) in methanal (200 mi) with a palladium 
charcoal catalyst aad hydrogen at 100 Ibs. sq. in. gave an oi] which, on distillation in a vacuum, partly 
eryetaliiaed. The soll, which slowly separated, was freed from adhering liquid by means of a porous 
tile and recrystaliieed from ethyl acetate-ligrom, giving methyl 3° 4-dibydrocoumarin-3-carboxylate 
m p. and mixed m p. 97-98" (Found: C, 630; H, 45% This compound reacted with warm 50°, 
hydrazine hydrate solution, giving the 2-Aydrerybensyimalonodthydrande which formed large colourless 
proms, m. p 236-240° (decomy from warm water (Found: ©, 50-1; H, 58; N, 2346. C,H,,O,N, 
requires C, 504. H.S@; N, 23-84, The oil left after the separation of the crude methyl! 3 : ¢-dihydr 
coumarin-3-carboxylate appeared to consist mainly of 3) 4-dihydrocoumarin since it gave the hydrazide 
mp. and mixed m p. 166 { meliotic acid 

lu hydrogenation of 3 4 Dthydrocoumariwt-carborylie Aad —When powdered lead tetra-acetate 

1g.) was added to a solution of the acid (05 ¢) in acetic acid (10 ml.) a white lead salt separated 
d@urme 3 bowrs, and the mixture then had a negative starch-iodide reaction. Treatment of the solid 
with warm dilute nitric acid gave a yellow solution which on being cooled deposited coumarim-3 
carboxylic acid in colourless prisms (0-18 g¢.). m. p. 202°, mientical with an authentic specimen. When 
the acxl was replaced by methy! 3 4-dihydrocoumarin- 3-carboxylate (0-5 g) in the foregoing 
experiment and the mixtere kept for 24 hours and then diluted with water, methyl coumarin-3 
carboxylate separated in colourless needles, m. p. 119-120", after purification, identified by comparison 
with an authentic specamen 

4 7. lomethosyooumaria S-carboryle Aad (1 2-Hydroxy-4  5-dimethoxybenzalachyde (3 g.) and 
«xiiem cyanoacetate (50 ml. of a solution prepared according to Phelps and Tillotson, Amer. Journ 
Sesence, 1008, 86 275) were caused to react by means of sodiem hydroxide (10 @ ) in water (16 ml.) during 
Mhowrs Acidification of the reaction mixture with bydrochlorx acid furnished a deep-yellow product 
which was heated wader reflax with concentrated hydrochlone« acii (20 mi) and water (30 mi.) for 
10 minutes, giving rise to the cowmann-3-carborylic acid. Recrystallsed from alcohol, this compound 
formed lemon-yellow needles (3 ¢.), m. p. 266° (decomp.), insoluble in water or ligroin and readily soluble 
in ethyl acetate, chloroform, or aqueous sodiem hydrogen carbonate (Found: C, 57-5; H, 38 
€ yglt gO, requires C, 57-6: H, 40%). Prepared by means of ethereal diazomethane, the methyl ester 
separated from alcohol in yellow prisms, m. p. 212°, soluble in benzene or ethyl acetate (Found: C, 
3. H, 46 C,H, requires C, 501; H, 46%). Alcoholic solutions of the acid or its ester 
exhibited an intense blue fluorescence 

Methy! 6. 7-Dimethory-3 - 4-dthydrocoumarin-3-carboryiate (11, BR Me) —-Hydrogenation of the 
foregoing coumarin-3-carboxy lic acid (0-5 g ), dissolwed in water (25 mi) containing sodiem hydrogen 
carbonate (017g), with 20°, palladmum-charcoal (1 g.) and bydrogen at 60 Ibs sq. in. for 4 hours gave a 
mixture consisting maimly of 2-hydroxy-4 >: 5-dimethonybenzylmalonic acid with small amounts of 
6 7-dimethoay-3° 4-dihydrocoumann-3-carboxylic acid which could not be conveniently separated 
Reerystaliised from water this product formed colourless needles (0-3-—0-45 g.), m. p. 120° (decomp 
readily soluble in aqueous sadiem bydrogen carbonate [Found C, 5; H, 65%; equiv. (by 
titration) 135. Cale for C.MyO,: C, 67-1; H, 48%; equiv. 252 Cale for C,H,O,H,O: C 
we, H. 564; equiv, 138 On distillation at 155--160° 0-14 mm_., the recrystallised product (1 g 
gave 6 T<timethoxy-3 : ¢-dihydrocoumarin (0-7 g.}, m. p. 70-80" (Part Il, /.. 19469, 565), and on 
treatment with an excess of ethereal diazomethane furnished an oi! (1 g.) which, on being kept, deposited 
methy! 6 T-dimethory 3) 4-dtavdrocowmarin-3-—carborylate (11 R Me) (1 « insoluble m cok 
Lute aqueous sodium hydroxide. Sunoe tt was readily soluble in alkali and on distillation at 100/0-1 mm 
gave (il K Me OT ¢ the residual cil appeared to be mainly methv! 2-hvdroxy-4 : 5-dimethoxy 
benryimalonate Reervystallieed from ethanol, the ester (Ii K Me) formed rectangular priams 
m p 151152" (Found: C, 584; H, 5-3. C,,H,,0, requires C, 586; H, 5-3% Lead tetra-acetat« 
16 ¢) in acetic acid (5 mi.) was added during | hour to a solution of methyl 6: 7-dimethoxy-3 : 4 
dihvdrocow marin-3-carboxylate {0-1 g.) in acetic acid (8 ml.), and 3 hours later the mixture was diluted 
with water (3) ml), giving methyl 6: 7-dimethoxycoumarin-3-carboxylate which slowly separated in 
long lemon-yellow needles, mp. 212°, identical with an authentic specimen 

3B Acetyl] 3 4 dihydroc coumarin s) 3-Acetyicoumarin (Kaoevenagel, Ber., 1898, 3], 732) formed a 
2 é-demstropheny lAydracone which separated from acetic ax id in orange prisms, m. p. 257.258 decomp 
(Found: C552; H. 346. N. 149 C,H AON, requires C, 55-4; H, 3-3; N, 15-35%) 

A suspension of J-acetylcoumaria (5 g.) in methanol (200 m!) was agitated with palladiom-—charcoal 
(from le of« arcoal and ® 1g. of palladiam chloride) and hydrogen at 60 Tbs. /sq. in. at room temperature 
for 1 hour and the filtered reaction mixture evaporated in a vacuum at 40°, leaving a colourless residue 
48e } ) traces of mineral ack in the « atalyss a evaporation at higher temperatures caused 
decompuosit { the pre« t Rec rvetalliaatio: ¢ residual solid from aqueous methanol or 
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benzene-lgroim gave 3-acety!-3 4-dihydrocowmarin in colourless 
deep- purple —_ reaction in alcohol (Pound : A 60-8; H, 5-2. 
This compound m 





rom aqueous 

166— 170°, which are readily soluble in dilute aqueous sodmm hydroxide (Found : 

N, 66. C,,H,,O,N requires C, 664; H, 54; N, 68%). Crystallised from alcohol, the smicarbesone 

was obtained in colourless prisms, m. p. 188", which exhibited a royal-dlue ferme reaction in alcohol and 

— instantly soluble in cold 2n-aqueous sodiwm —— (Pound: C, 582; H, 55; N, i 
~H,,O,N, requires C, 58-3; H, 53; N, 17-40%). 2 4 dunetrophenyiaydrazome a 
acetate in yellow needles, m. p. 174° (Pound: C, 553; H, 3-7; N, 168. C,H ,O,N, 

Cc, 1; H, 38; N, 15-1%). ‘When the crude hydrazone was allowed to remain im contact wi the 

excess of 2: yi lution for about a week, its colour changed to deep « 

Recry selliend from ethyl acetate the product rer gave the 2° 4-dinitrophenythydrazone of S-acetyl- 

coumarin in orange prisms, m. p. 258° (d tihed by comparison with an authentic specimen. 

Addition of aqueous c acetate to an Shecktic solution of 3-acetyl-3 4-<dihydrocoumarin gave a 

precipitate of the insole copper derivative from which the dihydrocowmarin was regenerated by 

treatment with cold dilute mimeral acid and ether, followed by evaporation of the dried ethereal liquor, 

A mixture of 3-acetyl-3 : 4-dihydrocoumarin (0-6 g ), acetic anhydride (2 mi), and pyridine (2 al.) 
was warmed on the steam-bath for 10 minutes, kept for 24 hours, and poured into an exces of dilute 
hydrochloric acid. The resulting oily O-acetyl derivative solidified in contact with a little aleohol and 
then crystallised from aqueous alcohol in slender prisms (0-4 g.), m. p. 65-66", insoluble in cold dilute 
aqueous sodium won and having a negative ferric reaction (Found: C, 67-5; H, b+ « pall pO, 
requires C, 67-2; H, 52%). Mixed with the parent compound the acety! derivative had m p. 38-30". 

During oumerous palivesenanien experiments with 3-acetyl-3 : 4-dihydrocoumarin it was found 
that the m. p. of the product varies between 58° and 63° but the product which separated from alcoholic 
solvents usually had m p 62° and, when fused, allowed to solidify, and then re-heated, this material 
melted again at 62°. After being kept for several months a sample, which originally bad m. p. 62°, 
melted at 66 On one occasion the spontaneous evaporation of a dilute benzene-light petroleum 
(b>. p. 60-—80") solution of a sample, m. p. 62°, which had been crystallised several times from dilute 
methanol, gave large prisms, m. p. 67°, which appeared to be the —_ keto-form (V), since it had a 
negative ferric reaction in alcohol and instantaneously gave the 2: 4-dinttrophenylhydrazone, m P 172”, 
identical with that obtained from the material, m. p. 62 When a solution of thu apparently pure 
keto-compound in alcohol was warmed, cooled, and treated with a drop of aqueous ferric chioride it 
gave the intense purple colour, indicating the presence of the enolic form in the solution. Kepeated 
fusion, followed by cooling, of the pure keto-compound gave the product, m. p. 62 A mixture of the 
latter and the keto-compound, m. p. 67°, had m. p. 63-66" which changed to 62° on repeated fusion 

(b) Ethyl chieroformate (20 ¢.) was added drop-wise to a vigorously agitated solution of 2-hydroxy- 
benzytacetone (Harries, Ber , 1891, 24, 3180) (2g) in a slight excess of N-aqueous sodiom hydroxide, and 
one hour later the resulting 2-(ethyl carbonate )benrylacetone was isolated with ether and purified by 
distillation, being obtained as a colourless oi] (1:7 g.), b. p. 125-128" (0-2 mm_, readily soluble in the 
usual organic solvents except ligroin (Found: C, 669; H, 69 C,,H,,O, requires C, 66-1; H, 60%). 
A mixture of this ketone (1-7 ¢.), pulwertsed sodium (1 ¢.), and ethy! carbonate (10 ¢.) was kept at 80” 
for 3 hours and the resulting flocculent precipitate was collected, washed with ether, dned, and dissolved 
im water covered with a layer of ether. This mixture was saturated with carbon dioxide, the ethereal 
layer was separated and evaporated, a solution of the oily residue in a little alcohol was treated with 
saturated aqueous copper acetate, and the resulting green precipitate (80 mg.) was washed with water, 
alcohol, and ether and decomposed with 5% selpheric acid in the presence of ether, giving 3-acetyl- 
3: 4-dibydrocoumarin (50 mg.) which formed colourless prisms, m. p. 62-63", from light petroleum 
(b. p. 60-80"), identical with a specimen prepared by method (a4), and gave the 2: 4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. 170°. Left m contact with 2: 4-dinitrophenylhydrazine solution the 
latter derivative gave rise to the 2: 4dinitrophenylhydrazone of 3-acetylcoumarin, m. p. 257-258" 
(decomp. ) 

When the pale yellow solution of 3-acetyl-3 : 4-dibydrocoumarin (0-5 g.) in w 9 my sodium 
hydroxide (6 ml.) was heated on the steam-bath for § hour a pale yellow oil (negative ferric reaction) 
separated and was isolated from the cooled mixture with ether. Acidification of the residual alkaline 
liquor, followed by extraction with ether, gave a small at of a phenolic product. These compounds, 
which are respectively 2-hydroxy-2-methyichromaa and its isomenide 2-hydroxybenzylacetone (Harries, 
Ber, 1801, 24, 3180), have a characteristic ar odour and the same 2 4-denurophenyl- 
hydrazone, which forms bright yellow . . 152°, identified 

imen (Pound: C, 55-3; H, 46; 16-3 CoH ON, — mele fr H, 4-7; 

When lead tetra-acetate (1:1 g.) was added to a solution S-acetyl-3 4-dily 














H, 5-7. Cults , requires C, 70-6; H, 5 . 
prisms, m 196°, from ethyl acetate ( 

Cc, 56-3; H, Ma: N, 146%). The semicarbasone 
prisms or needles, m. p. 265° (decomp.), readily 
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royal-Diue ferric reaction in aleohol (Found C, 500, H, 60; N, 164 C,,H,,O,N, requires C, 50-7; 
H, S68: N, 161%) 

Acetylation of B-acety!-4-methyl-3 | 4-dihydrocoumarin (2 ¢.) with acetic anhydride (6 mi) and 
pyridine (3 mi.) at room te: ture for 16 hours gave an oily solid which, after having been drained on a 
porous tile, was crystalimed from dilute alcohol and then dilate methanol, giving the acetate (VI11) of the 
enolic form of the coumarin in colourless shining plates, m. p. 125° (Found: C, 681; H, 58 C,,H,,O 
requires C, 663; H, 67%). This compound, which is soluble in benzene and in hot ligroin, gives a 
negative ferric reaction in alcohol and does not react with 2: 4-dinitrophenylhydrazwne 

A solution of 3-acetyl-é-methyl-3 : 4-dihydrocoumarin (I g.) m 2n-sodium hydroxide (10 ml.) was 
heated on the steam-bath for } hour, cooled, and extracted with ether. Evaporation of the dried 
ethereal extract left a neutral ov, whilst saturation of the residual alkaline hquor with carbon dioxide 
followed by extraction with ether gave a phenolic oil These phenolic and neutral products, which had 
similar odours and became purple on being heated, appear to be 2-hydroxy-4-methylbenzylacetone and 
its cycle form, 2-hydroxy-2 6-dimethyichroman qe mince they give rise to the same 
2 6-dimstrophewylhydrazone, forming orange plates, m r 165 from dilute alcohol, readily soluble 
in 1%, aqueous scdium hydromide (Pound: C, 57-4, H, 54 ( “ri, ON, requires C, 570, H, 50%) 

Oridation of 3-acety!)-6-methyi-3  4-dthydrocoumarin (1 g) with tetra-acetate (2:1 « ) in acetic 
acid (15 mi) at room temperature for 2 hours gave }-acety!l-é-methylcoumarin (0-85 g¢.) which formed 
pale yellow plates, m. p. 131°, from methanol, identical with an authentic specimen. The 2: 4-di- 
witrophenylhy dracome sae es from ethyl! acetate in or prisms, m. p. 256-258", _— ou 
admixture with an authentic specimen (Found: N, 149. C,,H,,O,N, requires N, 14-7 

6 Methory 3-acetylcoumarin —-A tew drops of piperidine were added to a mixture of 2 +-hydroxy 4 
methoxy benzaldehyde (Tiemann and Muller, Ber. 1981, 14, 1900) (10 ¢.) and ethyi acetoacetate (16 mi.) 
and the reaction was completed by heating the deep-yellow solution on the steam-bath for 10 minutes. 
Om being cooled the reaction mixture deposited 6-methory-3-acetylcoumarm as a yellow crystalline mass 
which, after the addition of alcohol (10 ml), me ollected and — wr this solvent, forming brilliant 
yellow plates (12 ¢.), m. p. 182--183° (Found 659; H. 48 CHO, requires C, 66-0; H, 46%). 
The 2 4-dimiire grag ee me i— Son ethyl acetate in yom oe | shaped plates, m. p. 242 
243° (Pound: N. 143. C,,H,,O,N, requires N, 141%) 

6 Mrthory-3-acetyl-3 4 -dubydroe: memarin —-Hydrogenation of the foregoing coumarin (1 «¢.) in 
methanol (200 mj) with palladium-charceal and hydrogen at 60 Ibs. /sq. in., followed by evaporation of 
the filtered reaction mixture im a vacuum at 40", gave a gummy solid (0-05 g.) which was purified by 
repeated crystallisation from alcohol and then hgbt ——. b p 6-80"), furnishing 6-methory-3- 
acetyl) 3 4-dihydrocoumarimm in pale yellow prisms, m. p. 82--84 It was observed during the 
= ation from alcohol that each time the compound was stenchved in the solvent a small amount of a 
vighly insoluble yellow product was formed which was found to be 6-methoxy-3-acetylcoumarin arising 
by the atmospheric oxidation of the 3: 4-dihydrocoumarin in alcoholic solution. Purified from alcohol, 
the 6-methoxy-3-acetyicoumarin formed yellow needles, m. p. and mixed m. p. 182-183", and gave 
the 2 4-dinitrophenylhydrazone, m. p. 242 When the isolation and purification of the hydrogenation 


product were carned out in an atmosphere of nitrogen, 6-methoxy-3-acetyl-3 - 4-dihydrocoumarin was 
obtained in colourless prisma, mp. 82-84", giving a purple ferric reaction in alcohol (Found: C, 65-6 
HL. S53. CHO, requires C, 66-5 H, 5-5%) On exposure to air alcoholic solutions of this compound 
alworh oxygen and give a quantitative yield of 6-methoxy-3-acetylcoumarin. The 2 : 4-dinitrophenyi- 


Aydrasone separated from ethyl acetate in light-orange spearheads, m 185° (Found: C, 54-0; 
HH, 40: N. 140. C.,H,.O.N, requires C, 540; H, 40; N, 140% . semicarbasone formed large 
fat priams, m p. 188-189", from alcohol, readily soluble in 2N- “aqueous sodium bydroxide and giving 
a royal blue ee with alcoholic ferric chloride, unaffected on dilution with water (Found: C, 56-3; 
H, 54; N. 168 C,,H,O VN, requires C, 563; H, 5-4: N, 15-2%) 

Hydrolysis of 6-methoxy-3-acetyl-3 © 4-dihydrocoumarin (1 g) with 0-5N-aqueous sodium hydroxide 
:) mi m the steam-bath for 30 minutes gave the neutral 2-hydroxy-6-methoxy-2-methyichroman 
and the phenolic 2-hydroxy-5-methoxybenzylacetone, each of which furnished the 2 4-dinitrophenyi- 
Avdrasme 2-hydroxy-5-methoxybenzylacetone, forming scarlet rectangular prisms, m. p. 156°, from 
tute alcohol (Found: C, 546; H, 50; N, 140. C,,H,,O.N, requires C, 545; H, 48; N, 15-09%) 
When the coumarin was heated under reflux with n-alcoholic hydrochloric acid for 45 minutes the same 
mixed product was obtained, giving the 2. 4-dinitrophenyihyvdrazone, m. p. 156 

Onvdation of 6 Methory 3-ecetyl-3 4-dthydrocoumarin 4) Dehydrogenation of 6-methoxy-3-acetyl- 
3 4-dihvdrocoemarin (65 ¢.) in acetic acid (10 mi.) with lead tetra-acetate (1 g.) proceeded rapidly, 
giving 6-methoxy-3-acetylcoumarin, m. p. and mixed m. p. 182°, which formed the 2 : 4-dinitropheny! 
hydrazone, m p 242-243 

6) A slow stream of ozone and oxygen was led into a solution of the dihydrocoumarin (1! g.) in 
chioroferm (75 ml.) maintained at 0° for 75 minutes, the solvent was removed in a vacuum, and the 
residue treated with water Next day the water was decanted and on treatment with a little ether the 
residual oi! gave crystalline 3-hydroxy-6-methoxycoumarin which separated from ethy! acetate in pale 
yellow priems, m p. 208—200", giving an intense deep green ferric reaction in alcohol and identified 
by comparison with an authentic specimen. The ethereal filtrate from the crude 3-hydroxy-6-methoxy 
coumarin contained 2-hydroxy-)-methoxybenzaldehyde which was identified by conversion into the 
2:4 —_ —phenylavdrarons, m. p. 263 ‘ee amen on admixture with an authentic sample (Found 
N, 171. CHOWN, requires N, 16-90% 

3-Nydrowy 6 methoryeoumarin (IX A mixture of 2-hydroxy-5-methoxybenzakiehyde (2 g.), 
aceturic acid (25 «), acetic acid (3 ml). acetic anhydride 10 ml.), and sodium acetate (1-6 ¢.) was 
heated on the steam-bath for 2 howrs. The colourless crystalline product which separated from the 
cooled reaction mixture was removed, the residua] liquor was diluted with water, and the yellow 
precipitate collected, washed with a little alcohol and then with ether to remove traces of resinous 
material The crude azlactone (0-5 ¢) was then boiled with 2x-hydrochloric acid (20 ml.) for 4 hours 
and the resulting 3-Avdrory-6-methorycowmarin (0-3 g.) was wolated by filtration from the cooled reaction 
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mixture. Crystallised from alcohol (charcoal) and then from ethy! acetate, the « d formed pale 
oe ogg hg aqueous sextuuin hydroxide and giving 
ferric reaction (Found: C, “th 43. CyH,O, requires C, 62-5; 


of 3-. me ty pwn ee war —This | coumarin (Chuit and Bolsing, Bull. Soc. chim., 

ting from acetic acid of ethyl acetate in 
uires N, 147%). 
Geass dn heptieenatinn of tho eieunein thnh ane-cieaah ee the in the case 
of 6-methy!-3-acetylcoumarnn the colourless product left on evaporation of the fit reaction mixture 
had m. p. 80—-90°, and gave a purple ferric reaction in alcohol. Crystallisation of this material several 
times alternately from acjueous methanol and benzene-ligroin and then from alcohol and benzene gave 
a substance in colourless prisms (1 g.), m. p. 120-5-—130-5", which was sparingly —? in benzene and 
did not react with 2: 4-dinitrophenyih ine or give a ferric reaction (Pound 70-8; H, 5-8. 
CyHyO, requires C, 706; H, 59%). This uct dissolved slowly in hot Scassean sodium 
hydro: and on acidification with dilute hydrochloric acid the orginal material, m. p. 128°, was 
obtained. It was not identical either with 7-methylcoumarin, m. p. 128° (the mixture of two compounds 
melted at 68—-110"), or with oer methylcoumarin. 

Treatment of the alcoholic -liquors left from the purification of the foregoing product with an 
excess of saturated copper acetate gave an $ green precipitate (1-2 g. from 3g. of 3-acetyl-7- 
methylooumarin) which, after having been w: with water, methanol, and then with ether, was 
decomposed with a mixture of 5% sulphuric acid and ether. Evaporation of the ethereal eo 
3-acetyl-7-methyi-3 > 4- dihydrocoumarin which formed colourless platelets (0-56 g.), m. p. 05-—07°, 
dilute alcohol, readily soluble in the usual —e solvents except ligroin and giving a purple ferric 
reaction in alcohol (Found: C, 70-0; H, 58. CyH,,O, requires C, 70-6; H, 50%) 2: +di- 
minaphemy Arar asone ted from ethyl acetate in yello ow needies, m. p. 190--—-192° (Found : C, 61; 
H, 42; N. 143. Cyl ON , Tequires C, 56-4; H, 42, N, 146%). 

1-Methyl-3-ethylcoumarin was prepared by the butyry lation of 2- hydroxy-4-methylbenzaldeh yde 
(Se. ) with butyric anhydride (5 g.) and sodium butyrate (5 .) at 170° for Shours and subsequent treatment 
of the reaction mixture with water. Crystallised from hght petroleum (b. p. 60-80"), the coumarin 
(1-6 g.) formed oe flat needles, m. 63—-64", soluble in alcohol or ethy! acetate (Found: C, 
76-6; H, 66. C,,H,,O, requires C, 76-6; H, 6-4%) 

TMatheay-2-ceetyloosmerin. Condensation of 4-O-meth lresorcylaldehyde (6 g.) and ethyl! aceto- 
acetate (6 ml.) by means of a little piperidine gave rise to 7-methory-3-acetylcoumarin which separated 
from ethyl acetate in pale yellow prisms (8 g.), m. p. 173—174° (Found: C, 660; H, 45. C,,H,O, 
requires C, 66-1; H, 4-6%), showing in alcohol an intense blue fluorescence. Prepared by the pyridine 
method, the oxime formed almost colourless prisms, m. p. 217°, from alcohol and then ethyl acetate 
(Pound: N, 5-6. C,,H,,O,N requires N, 60%). The 2: 4-dinitrophenylaydrarone crystallised from 
ethyl acetate in tiny scarlet rhombs, m. p. 257—-258° (decomp) (Found: N, I#1. C,,H,,O,N, 
requires N, 14-1%). 

Hydrogenation of 7-Methory-3-acetylcoumarin.—-This coumarin (2 g.) was hydrogenated in methanol 
(300 mil.) with hydrogen at 60 Ibs. /sq. in. and palladium-charcoal (from | g. of charcoal and 0-3 a. of 
palladium chloride) during 24 hours at room temperature. The colourless, filtered reaction mixture, 
which gave only a comparatively faint purple ferric reaction and only traces of a precipitate with 
2: 4-dinitrophenylhydrazine solution, was concentrated in a vacuum at below 50°, giving a crystalline 
sohd (0-5 g.) which consisted mainly of 7-methory-3-cthylcoumarin Recrystallised from ~Ve x and 
then ethyl acetate—ligroin, this compound formed colourless prisms, m. p. 98—100°, (Found 70-1; 
H, 5-8. C,,H,,O, requires C, 70-6; H, 59%) undepressed on admixture with an euthontio sample 
(cf. below). 

Concentration of the liquor left after the separation of the crude 7-methoxy-3-ethylcoumarin 
furnished a solution which gave a purple ferric reaction and on treatment with an excess of aqueous 
copper acetate gave the copper derivative of 7-methoxy-3-acetyl-3 : 4-dihydrocoumarm ; the amount of 
this derivative obtained was variable, the maximum being 0-2 g. from 2 ¢. of 7-methoxy-3-acetyl- 
coumarin. Decomposition of the crude copper compound was effected with 5%, sulphuric acid (20 mi.) 
containing ether (20 ml.) (agitate) during 2 hours at room temperature, and the ethereal solution was 

rated, washed with aqueous sodium hydrogen carbonate, dried, and evaporated, leaving the 
dihydrocoumarin which formed colouriess, elongated, flat prisms, m. p. $2-5--84-5", from light petroleum. 
b. p. 60-80") and gave an intense purple ferric reaction in alcohol (Pound: C, 65-8; H, 54. CyH yO, 
requires C, 65-5; H, 55%). 

An authentic specimen of 7-methoxy-3-ethylcoumarin was prepared by heating a mixture of 
4-O-methylresorcylaldehyde (3 g.}, sodium butyrate (6 g.), and butyric anhydride (6 g.) at 160° 
for 4 hours. The reaction — was boiled with water to the excess of anhydride, cooled, 
and extracted with ether. ae apeene of the ethereal solution, which had been washed successively 
with N-aqueous sodium hydrox and water and then dried, left a brown oil which partly solidified and 
on purification from methanol and then ethyl acetate- . Rave 7-methoxy-3-ethylcoumarin in 
colourless prisms, m. p. 99—-100°, soluble in alcohol, ethy' acetate, or chloroform (Found : C, 70-7; 
H, 60%). 

Hydrogenation of 7-Hydroxy-3-acetylcoumarin.-This coumarin, m. p. 236°, was prepared by the 
condensation of §-resorcylaldehyde and ethyl acetate with a mare (compare sree gas 





Merksammer, Monatsh., 1928, §0, 115) and gave a 2 : 4-di ay scarlet 

m. p. 302—~303" (decomp. ), from ethyl acetate (Found: N, 14 wires N, 14-6%). 
ydrogenation of the coumarin (1 g.) by the procedure “methyl ether gave a 

tan-coloured crude product (1 g.), m. p. 70-—100°, HBving faint violet ferric reaction in alco and 

forming, in dilute aqueous sodium hydromide, a solution which had a brilliant blue fluorescence. A 

solution of this solid in a little hot alcohol was warmed with oe aqueous sodium hydrogen ——. 

(3 ml.) on the steam-bath for 15 minutes and on cooling the mixture deposited crystalline ma 
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which was collected and again treated with warm alcubol and aqueous sodium hydrogen sulphite, onally 
giving 7-hydrony-3-cthylcoumarin as a monohydrate ia colourless shining needles, m. p. 128-129", 
giving 4 negative ferre reaction (Fichter and Goldhaber, Her, 1904, $7, 2342, record m. p. 123-124") 
(Pound: C, 63-2; 4,57. Cale. forC,,H,O, HO: C, 63-5; H,56%). Methylation of this compoend 
by the potassum carbomate-methyl todide method during 2 hours gave 7-methoxy-3-ethyicoumarn 
which seperated from aqueous methanol in colourless prisms, m. p. 08—-100°, undepressed on admixture 
with an authentic specimen. 

Hydrogenation of 6: 1-Dimethosy-3-acetyicoumarin..-The oxvme of this coumarin (Part I], Joc. est 
formed colourless slender needics, m. p. 218°, from alcohol (Found: N, 53. C,,H,,O,N requires 
N, 53%). The 2) édinitrophenylhydrazone had m. p. 262-—-283" (decomp.) and not 280° (decomp.) as 
given im Part [1 (Jee. cst.) 

HMydregenation of the coumarm (2 ¢) in methanol with palladium-charcoal and hydrogen at 
6@ tbe. eq. im. during 5—# hours gave, after filtration, a colourless solution which gave a faint ferric 
reaction and became yellow on exposure to ar 

FP. vaporation of the selution m an atmosphere of astrogen, followed by extraction uf the resedue with 
a little methanol, left enchanged 6° 7-dimethoxy-3-acetylcoumarin, m. p. 228 On cooling, the 
methanale extract deposited 6° 7.duecthory-3-cthylcommann im pale yellow needles, m 108-109", 
lentical with an authentic specimen (Found: C, 66-7; H, 59. C,,H,.O, requires C, 66 H, 60% 
The latter specumen was prepared by the butyrvlation of 2-hydroxy-4) 5-dimethonxy benzaldehyde with 
butyric anhydride and sxdium butyrate at 170° for 6 hours and on crystailimation from ethyl acetate 
lght petroleum (b p. 6-80") was obtained im large prisms, m. p. 106—100° (Found: C, 66-6; H, 
~~ 

‘hen « platioum-charceal catalyst was employed in the hydrogenation and the product was 
subjected to prolonged fractional crystallisation im an atmosphere of nitrogen there was obtained, ia 
addition to 6 T-dimethoxy-3-cthylicoumarin, a small amount of 6° 7-dumethory-3-acety!-3 | 4-dsaydro- 
sowmarin (LIL, KB H iy treatment of several batches of filtered bhydrogenathon-lquor with an 
excess of aqueous copper acetate a email amount «f the copper derivative of the latter coumarin was 
iytained which was washed with warm alcohol, chloroform, and ether and decomposed with dilute 
miphuric ackt and ether in the usual manner giving 6: 7-dimethoxy-3-acety!-3 : 4-dihydrocoumarin, 
forming colourless priema, m. p. 164-166", from alcohol (Found: C, 62-2; H, 56. C,,H,,O, requires 
cc, #24, HH. 46%, This compound was soluble in chloroform, ethy! acetate, benzene, of warm 1% 
quec~ms sextium hydroxide and gave a purple ferric reaction in alcohol. Formed in the usual manner 
the 2. 4-<dinitrophenyibydrazone was obtamed as an orange yellow precipitate, m. p. 228°, which could 
not be satislactowiy recrystalliecd 

6 Acetoacety) 3) 4-detydrocoumarim (XI A solution of 3: 4-dihydrocoumarin (3 ¢.) in acetic 
anhydrite (8 mi.) at 0° was saturated with boron trftuoride (from 22 g. of potassium thuoroborate) and 
treated with ice-water 24 howrs later. The boron fluoride complex of the diketone then slowly separated 
trom the reaction muxtere in pale yellow neeiles (2-3 ¢.), mp. 120°. Decomposition of this (1 g.) with 
bolhoaw water (3 mi) contammeg hydrated sedium acetate (10 g.) during 10 minutes gave 6-acetoacetyl 
3 4-dibydrocoumarin, which was solated from the cooled mixture with ether, purified by way of its 
copper derivative, and crystallised from hgrown of dilute alcohol, forming a hydrate in small colourless 
prams (©-7 @.) giving a deep-red ferre reaction (Found: ©, 623; H, 58 Cale. for C,,H,O, HO 
c, 624; H, +6%, {. Kaeatner, loc. cat 

3. Acetoacetyleoumarts (NIP. RK ow Ac A mixture of 3-acetylcoumarin (3 ¢.), acetic acid (10 ml 
amd acetic anhydride (6 mi) was saturated at room temperature with boron trifluoriie, and 4 hour later 
the red viscous liquid was poured into water (50 mj}. Extraction of the washed, floccuient, orange- 
yellow pradect (3-7 g) with aloohel removed viscous reddish impurities and left the boron flaoride 

mplex of J acetoacetylcoumarin as a mass of orange crystals (2-3 ¢ which, on recrystalleatiog from 
acetic ack! formed yellow plates. m. p 268°, sparingly soluble in organic solvents and giving a green 
fame test. (nm being heated on the steam-bath with acetic acid (50 mi.) and hydrated sxlium acetate 
tg.) this compound (24 ¢ ) slowly dimsetved: after § hour water was added until the solution became 
taintly opalescent, J-acetoacetvicoumarin (XII; RK Ac) separated from the cooled mrxture in pale 
yellow priames (1-56 ¢), and, on recrystallisatoon from alcohol and then acetic acid, had m. p. 152-153 
Found: CC, 6746, HM, @4 Cale. for C,H): C, 676, H, 44%). This compound, which gave a red 
ferric reaction in alcohol was readily soluble in 2~-aqueous sodium hydroxide and insoluble in aqueous 
«xium carbonate The 2 4-dinitrophenyihydrazone and the oxime were obtained as amorphous 
solids which coukd got be induced to crystaliiee icf Trenknerowna, Hocensts Chem... 1096, 16, 6, 10, who 
tates that the compound gives a blood-red ferric reaction and forms cream-yellow needies or blunt 
prin, m. p. 143-144 

Hydrogenation of the coumarin by the procedure employed for 3-acetylcoumarin gave a gummy 
praiuct which was resolve bbw means of ether into unchanged 3-acetoacetylcoumarin and a small 
smount of a sebetence which formed elongated needle-shapet plates, m. p. 177-—178", from alcohol, 
giving 4 negative ferric reaction (Found: C, 67-1; H, 54 C,,h,.0, requires C, 67-2; H, 5-2% It 
dul not appear to react with 2) 4-dimitrophenyihydrazine 
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183. The Chemistry of Fungi. Part X. The Synthesis of 
4-H ydrory-3-acetylcoumarins. 
By G. G. Bapoock, F. M. Dean, Atexanper Ropsrarson, and W. B. Waa.iey. 


Methods for the synthesis of 4-hydroxy-3-acetylcoumarins have been re-investigated and 
the novel synthetical procedures described in Part 11 (Joc. cit.) have been further developed. It 
has been found that ¢-hydroxyceumarims unsubstituted in the 3-position can be nee 
readily with acetic anhydride and boron trifluoride im acetic acid to give éhydroxy-3-acety 
coumarins, thus affording an unequivocal route to these interesting compounds By this 
reaction the synthetic compound (Part If, /., 1949, 542), mp. 230°, has now been shown 
conclusively to be 4hydroxy-6 : 7-dimethoxy-3-acetylcoumarin The hydrolysis product, 
m. p. 208°, from O-dimethyicitromycinone (Part [11, /., 19469, 848) has been found to have 
formula (X1V) and arises by the hydration of the parent compound (XV) which it regenerates on 
treatment with concentrated sulphuric acid 


In the course of degradative experiments on O-dimethylicitromycinone (Part TI, /., 1949, 646) 
there was isolated a faintly acidic substance, m. p. 208°, which was regarded as 4-hydroxy- 
6 : 7-dimethoxy-3-acetylcoumarin (ITI) because it appeared to have the empirical formula 
C,,H,O,(OMe),, readily formed a 2 : 4-dinitrophenylhydrazone, and gave the requisite products 
on hydrolytic decomposition with alkalis. Unexpectedly, when the method of Anschitz 
(Annalen, 1906, 346, 286) and the two novel procedures, orz., the carbonyl chloride and the 
ethyl carbonate methods described in Part II (/., 1949, 562), were applied to the synthesis of the 
coumarin (III) a product P, m. p. 250°, was invariably obtained which appeared not to react 
with 2: 4-dinitrophenylhydrazine and was clearly not identical with the natural degradation 
product, m. p. 208°. From an examination of its properties and hydrolytic products, and in 
view of its apparent isomerism with the degradation product, m. p. 208°, the substance P was 
considered to be 6 : 7-dimethoxy-2-methyichromone-3-carboxylic acid (X; R« H). At the 
same time it was noted that the production of small amounts of 4-hydroxy-6 ; 7-dimethoxy- 
coumarin (IV) by the hydrolysis of P with alkalis was more in keeping with the 4-hydroxy- 
3-acetylcoumarin structure (III), but a plausible mechanism advanced for the derivation 
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of 4-hydroxy-4 : 7-dumethoxycoumarin from (X; K <— H) seemed to reconcile the apparent 
anomaly. Because of the possible ambiguity regarding the nature of the products obtained by 
the methods hitherto employed for the synthesis of 4-hydroxy-3-acetylcoumarins and since 
the substance, m. p. 208°, was regarded as an important hydrolytic product in the degradation 
series derived from O-dimethyicitromy , it seemed desirable to re-investigate the synthetical 
procedures and to examine the properties of 4-hydroxy-3-acetylooumarins in some detail. 

In our hands the procedure for the synthesis of 4-hydroxy-3-acetylooumarins described by 
Anschiitz (lec. cet.) gave somewhat uncertain results and a modified technique is now described 
whereby consistent yields of the required coumarins have been obtained, Of the novel alternative 
methods proposed in Part II (Joc. cst.) the o-hydroxybenzoylacetone-ethy! carbonate method in 
the case of 2-hydrosy- and 2-hydroxy-5-methyl-bensoylacetone failed to yield the expected 
4-hydroxy-3-acetylcoumarins, but with 2-hydroxy-4 : 5-dimethoxybenzoylacetone the results 
described in Part I] (ec. cit.) were confirmed and a small yield of 4-hydroxy-3-acety!-4 ; 7- 
dimethoxycoumarin was imvariably obtained. On the other hand, the carbonyl chloride 
metbod, viz., the interaction of this reagent with the disodio-<derivatives of o-hydroxybenzoy!- 
acetones, gave comparatively satisfactory yields of the requisite coumarins which were identical 
with the products obtained by the modified Anschtitz method. It was recognised, however, 
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that in the latter procedure the initial reaction prodact, of type (1), might well undergo cyclisation 
to give a chromone of type (X; R « Et or R — H) in place of the expected coumarin of type 
(III), and that the carbonyl chloride method was open to the same objection, ¢.g., the inter- 
mediate of type (11), uf formed, could cyclise in two ways. 

In a search for a more rational and general synthetical route to 4-bydroxy-3-acetylcoumarins 
it was ultimately discovered that 4-hydroxycoumarins, of type (IV), can be conveniently 
(-acetylated in the 3-position by means of acetic anhydride and boron trifluoride. From the 
initial reaction products water precipitated boron chelate complexes of type (V) which, on 
hydrolytic decomposition under the appropriate conditions (see Experimental section), furnished 
compounds of type (III Accordingly, from 4-hydroxy-, 4-hydroxy-6-methyl-, 4-hydroxy- 
6-methoxy-, 4-hydroxy-7-methoxy-, and 4-hydroxy-6 : 7-dimethoxy-coumarin the correspond 
ing 4-hydroxy-3-acetylcoumarins were prepared by this method and, except in the case of 
4-hydrory-6-methory-3-acetylcoumarim whete a comparison was not possible, the products were 
identical with those from the modified Anschétz and the carbony! chloride procedures, a result 
which clearly eliminates the possibility of the compounds prepared by the latter methods being 
2-methyichromone-3-carboxylic acids of type (X; KH). Consequently the compound P 
formulated in Part II (loc. cif.) as 6: 7-dimethoxy-2-methylchromone-3-carboxylic acid is 
4-bydroxy-6 . 7-dimethoay-3-acetylcoumarin, and its piperonylidene derivative is 4-Aydrory 
4 : T-dimethory-3-(3 . 4-methylenedtoxycinnamoyl)\coumarim (VI) and not the 2-styry! derivative 
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{ the momenc chromone This conclusion has been substantiated by a synthesis of 6: 7-di- 
methory-2-methylchromone-B-carborylic acid (XN; R H Condensation of 2-hydroxy-4 : 5-di 
methoxyacetophenone with ethy! oxalate by means of sodium gave rise to ethyl 2-Aydrosy- 
4: &-dimethorybenzoyipyruvate (VIL; RK H), the nature of which was clarified by cyclisation 
with alcoholic hydrochloric acid to eéyl 6: 7-dimethorychromone-2-carborylate. Hydrolysis 
of the chromone and decarboxylation of the resulting acid gave 6: 7-dimethoxychromone 
Vigorous acetylation of (VII; K H) furnished a small amount of ethyl 4: 5-dimethory 
2-methylchromone-3-givorylate accompanied by considerable amounts of ethyl! 6° 7-dimethoxy 
chromone-2-carboxylate The same glyoxylate (IX) was also formed by the foregoing method 
when (VII: RK Hi) was replaced by the acetate (VII, R Ac), and more conveniently when 
(VIR H) was cyclised with acetic anhydride and boron trifluoride at 0", a reaction which 
clearly proceeds by way of the intermediate (VIII; R « H On treatment with warm concen- 
trated sulphuric acid the glyoxylate (IX) was hydrolysed with the simultaneous evolution of 
carbon monoxide, giving rise to 6: 7-dimethoxy-2-methylchromone-3-carboxylic acid (X; 
R « H) which had the expected properties of a carboxylic acid and was readily differentiated 
from the isomeric 4-hydroxy-3-acetylcoumarin (II) 

In the conversion of (VII; R H or Ac) into (1X) by vigorous acetylation, a reaction which 
presumably proceeds by way of (VIII), cyclisation of this intermediate could lead, by an 
alternative route, to efhvl 6 | 7-dimethory-3-acetylchromone-2-carboryiate (X1, R Et Although 
with (VII; R H) as the starting materia! ethy! 6 : 7-dimethoxy-3-acetylchromone-2-carboxyl- 
ate (XI; R Et) could not be isolated, the acetate (VII; RK < Ac) gave a smal! amount of (XI 
KR « Et) which accompanied the main reaction product (IX). This compound (XI; RK = Et) 
is readily distinguished from the isomeric ethyl 4: 5-dimethoxy-2-methyichromone-3-glyoxylate 
by the fact that unlike the latter it does not evolve carbon monoxide on being heated with 
sulphuric acid and on hydrolysis with concentrated acid gave 6 
2-carborvite acid (XI; K H) 

The 4-bydroxy-3-acetylcoumarins described in the present work melt without decomposition 
and are readily soluble in dilute aqueous sodiam hydroxide. Unlike the parent 4-hydroxy 
coumarins, however, they dissolve but slowly in aqueous sodiam hydrogen carbonate and 
apparently cannot be readily methylated or acetylated under the usual conditions, although 
it may be noted that Anschiitz (Joc. cst.) claims to have prepared a methy! ether of 4-hydroxy 
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3-acetyl-7-methylcoumarin. With 2: 4-dinitrophenylhydrazine sulphate solution 4-hydroxy-, 4- 
hydroxy-6-methyl-, and 4-hydroxy-7-methoxy-3-acetyl-coumarin reacted readily under the usual 
conditions, yielding the corresponding 2 : 4-dinitrophenylhydrazones, but 4-hydroxy-6-methoxy- 
3-acetylcoumarin reacted extremely slowly, whilst, as indicated in Part II (loc. cit.), 4-hydroxy- 
6 : 7-dimethoxy-3-acetylcoumarin did not form a dinitrophenylhydrazone. Treatment of the 
4-hydroxy-3-acetylcoumarins with warm 80%, sulphuric acid caused extrusion of the C-acetyl 
group and gave rise to the corresponding 4-hydrox ycoumarins. 

The properties of 4-hydroxy-3-acetylcoumarins are in keeping with the view that the mole- 
cule contains a hydrogen-bonded system involving a comparatively stable 6-atom ring of which 
the two formula (XII) and (XIII) represent the unperturbed forms of the resonating system. 
Substituents in the benzenoid ring appear to affect materially the stability of the chelate 
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When it became clear that the hydrolytic product, m. p. 208°, from O-dimethyicitromycinone 
could not be 4-hydroxy-6 : 7-dimethoxy-3-acetylcoumarin (III), a re-examination of the 
compound was undertaken. The analytical results do not materially differ from the theoretical 
values required for (II1) or for a C-acetyl derivative of this coumarin. On this account, combined 
with the fact that unlike (III) it readily formed a 2: ee we concluded 
that the compound, m. p. 208°, was 4-Aydrosry-6: 7 ethoxy-3 im (XIV) 
which was confirmed when it was found that cyclisation with warm sulphuric acid regenerated 
O-dimethylcitromycinone, identical with the product obtained by the oxidation of O-dimethyl- 
citromycin. Since, in the conversion of (XIV) into O-dimethylcitromycinone, it is reasonably 
certain that the readily enolisable 4-carbony! group (the 4-hydroxy! group of the coumarin 
system) was involved in the cyclisation and not the more stable carbonyl! group of the lactone 
system, O-dimethylcitromycinone has the angular structure (XV) and not the linear formula 
proposed in Part LII (loc. cit.). Mr. G. W. K. Cavill of this Department (private communication), 
who has examined the decomposition of O-dimethylcitromycinol (Part III, loc. cit.), has inde- 
pendently concluded that O-dimethylcitromycin as well as the primary oxidation products 
have angular structures corresponding to (XV), possibilities which were envisaged but not sup- 
ported in Part III. Detailed experimental evidence in support of this revised structure for 
O-dimethylcitromycin and its derivatives will be discussed in a subsequent communication. 

During numerous exploratory experiments on the synthesis of the diketone (XIV) and hence 
of O-dimethylcitromycinone (XV) it was found that 4-hydroxy-6 : 7-dimethoxy-3-acetylcoumarin 
could not be C-acetylated to give (XIV) [or its cyclisation product (XV)) by boron trifluoride- 
acetic anhydride, the Claisen reaction, or the Kostanecki vigorous-acetylation process. The 
alternative route of forming the y-pyrone ring in (XV) by the condensation of acetoacetic acid or 
its ester with 4-hydroxy-6 : 7-dimethoxycoumarin was attempted but, as expected, with the 
usual condensing agents (concentrated sulphuric acid, phosphoric oxide, or phosphorus oxy- 
chloride) this reaction gave only 6: 7-dimethory-4'-methyl-a-pyrono(S’ : 6 : 3: 4)coumarin 
(XV1) isomeric with O-dimethyicitromycinone. The failure of (XVI) to dissolve in concentrated 
hydrochloric acid or to form salts, and its behaviour with dilute aqueous sodium hydroxide, 
is in keeping with the a-pyrono-coumarin structure and readily serves to distinguish the compound 
from O-dimethylcitromycinone. 





EXPERIMENTAL. 


4-Hydroxy-3-acetylcoumarin.—(a) Ethyl] acetoacetate (3-8 ml.), ae in on (20 ml.), was added 
to ethereal sodium ethoxide (from 6-7 g. of sodium, 5 mil. of alcohol, and 
solution of o-acetoxybenzoyl chloride (from 5 g. of acid) in ether (10 
under reflux for | hour. More sodium ethoxide (from 0-7 g. of sodium) in 


ydochloric acid gave 
m. p. 138-5", from alcohol (cf. Anschitz, 4 
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(6) After the muitsal reaction between o-hyd cetoph (5 g.), pulverized sodiam (4 g.), and 
ethyl acetate (30 mi) had somewhat eu beided the mixture was heated on the water-bath for i hour, 
couled, and treated with crushed ice (25¢.). The sodio-derivative of salicyloylacetone, which separ ated. 

as collected, washed with a little ice-water and then ether, and decomposed with dilute acetic acid 
giving the diketone (3-2 ¢) which formed square coleeriess prisms from alcohol, or plates, m. p. 95°, 
from light petroleum, and had a reddish-brown ferr reaction in alcohol (Found. C, 67-2, H, 5-4. 
Cak. tor CH, : C, 674; H, & 7%) (Wietg, Bangert, and Kichter, Awnaien, 1926, 446, 155, record 
m. p. 05-816 Cyclisation of thu ketone with sulphuric acid gave an almost theoretical yield of 
2-methykhromone, m. p. 71° (Mock and Kostanecki, Ber, 1900, $3, 1909, give m. p. 7-—71") 

The foregoune diketone (5 ¢.) was added to a solution of sodium ethoxide (from !4 ¢. of sadium 
in aloohol (50 mil), the greater part of the solvent was distilled m a vacuum, and the disadio-derivative 
was precipitated trom the cooled residue by means of ether (200 mil.), washed and dried (yield. 64 ¢ of 
a lemon-yellow powder). A slow stream of carbony! chioride was led into a suspension of this derivative 

5g.) im toluene (75 ml.) cooled with ice-aalt. The hquid became scarlet and next day the mixture 
was Gltered, the «xtium chloride was washed with a littl toluene, and the combined filtrate and washings 
were concentrated by evaporation of most of the toluene in a vacuum. On being kept the residue 
deposited 4-hydroxy-3-acetyicoumarin which was wasbed with ether and obtained as a yellow crystalline 
powder (@7 4). Purthed from alcohol, the compound had m. p. and mixed m. p. 138-5 The 2: 4-4 
nitrophenylhydracone, which is very sparingly soluble in the usual organic solvents, separated from 
mitrobenzene in i mp. 271° (decomp.) (Found: N, 149. C,,H,,O,N, requires N, 146% 

{c} When boron trifeoride (from 22 ¢. of potasssum fluoroborate) was slowly led into a mixture of 
acetic acid (5 mi), acetic anhydride (2 ¢.), and 4-hydroxycoumarin (lovd and Kobertson, /.. 1948 
174) (1 @.) kept at room temperature, the solid quickly dissolved and next day the pale yellow viscous 
liquid was poured inte water (100 ml After having been collected, thoroughly washed with water 
and dried, the resulting fawn-coloured crystalline precipitate (1-2 ¢ ) was decomposed with boiling 05° 
akohol (50 ml), and on cooling the mixture deposited 4-hydroxy-3-acetylcoumarin in long needles, m | 
and mixed m p. 138", Mentical with specimens prepared by methods (#) and (6). This coumarin dis 
solves slowly in aqueces sadmm hydrogen carbonate and gives a yellow colour with alcoholic ferrx 
chierkde which becomes orange when the mixture is warmed. The 2: 4-dinitrophenylhydrazone formed 
orange leaflets, m. p. and mixed m r 271° (decomp.), from nitrobenzene 

A mixtere of 4-bydroxy-3-acetvicoumarin (2 ¢.), alooholic sodium ethoxide (from 0-03 g. of sodium 
amd 10 mi. of aleohol), and piperonal (0-15 ¢) was warmed on the steam-bath for 30 minutes and the 
cooled orange reaction muxture poured into 2n-bydrochloric acu! (20 ml Crystallisation of the result 
ing precipitate from acetic acid gave the prperomylidene derivative in orange needles (0-18 g), m. 7 
252° after antering at 248" (Found: C, 67-6; H. 3-8. C,H, requires C, 67-9: H, 3-6% 

4 Hydrory-3 acety! 6-methylcoumarin —-(a) Prepared by the modification of Anschétz and Sieber's 
method (Aanalen, 1909, 387, 250) emploved for the preparation of 4-hydroxy-3-acetylooumarin, ¢-hydrox) - 
S-acety!l-6-methykoumarin had m. p. 147-6", and gave a yellow ferrm reaction im alcohol; yield, 1-7 x 





from 6 g. of 2 acetoxy -5-methylibenzoy! chloride (Pound: C, 660; H, 46. Cale. for CyH,O,: § 
0, HL. 46% 

h) Interaction of the disodio-derivative of 2-hydroxy-5-methyibenzoylacetone (Baker, /.. 1933 
1381) (5 @ ) with excess of carbony! chloride in toluene (75 ml.) gave rise to 4-hydroxy-3-acety!-6-methy! 
coumarin (0-7 ¢). m p and mixed m. p 147-6 The 2: 4-dsnstrophenyihydrarone formed clusters oi 


orange needles from nitrobenzene or orange prisms, m. p. 265° (decomp.), from acetic acid (Found: > 
145 elt gO N, requires N, 141% 
the boron complex, m. p 228" (decomp), formed by the interaction of 4-hydroxy-6-methyl 
coumarin (Beyd and yberteon, oe aff) (1 @), acetic acid (3 mi), acetic anhydrnde (2 ¢.), and excess 
of boron triftuerkie, was dissolved in bothag alcohol. On cooling, the solution deposited 4-hydroxy 
3-acety! 46-methylooumarin as a mixture of rods and diamond-shaped prisms (0-9 g), m. p. 148° after 
slight sintering at 140°, unchanged on further purification (Found: C, 66-1; H, 46% The 2: 4-di 
ar ydrazone had m. p. 264° (decomp Prepared by the method employed in the case of 
4 hydroxy-3-acetylooumarina, the Prperomylidene derivative from 4hydroxy-6-methyl-3-acetvicoumarin 
(®? ¢ ) formed emall orange seedies (0-19 ¢.). m. p. 260-261", from acetic acid and gave a violet colour 
with concentrated sulphur ackl (Found: ©, 68-4, H, 41. Cy H,,0, requires C, 68-6; H, 40% 
4-Hydroay-7 methosy S-acetylcoumanna a) This coumarin (2-6 g. was ee from 2-hydroxy 
4-methosybenzoy! chloride (from 65 g. of acid) by the modified Anschiitz method and on crystallisation 
from alcohel and then ethyl acetate-light petroleum (b. p. 80-100") was obtained in vellowish-cream 
coloured needles, m. p. 187-6", giving a golden-vellow ferric reaction in alcohol which became red on 
warming (Found CC, 616, H.@7. C,H yO, requires C, 61-5, H, 43%, 

6) Interaction of the disxio-derivative of 2-hydroxy-4-methoxybenzoylacetone (Kostanecki and 
Liovd, Ber , 1901, 84. 20427) (2-5 «.) with excess of carbony! chloride in toluene (40 ml.) during 24 hours 
furnished 4 hbydroxwy-7-methowy-3-acetylcoumarin (1-1 ¢ m p 87-5", after purification from alcohol 
The 2. 4-drntlrophenyiavdracome formed emall red needles, m. p. 255°, from nitrobenzene (Found: N, 
13-3 C,.H,ON, requires N, 13-5%, When subjected to the standard method for the preparation 
of a piperonylidene derivative, alm st all the ¢4hydroxy-7-methoxy-3-acetylcoumarin was recovered 
unchanged 

(<) @-deetory T-methomyoommarin was prepared by the acetylation of ¢-bhydroxy-7-methoxycoumarin 
(Bovd and Robertson, de cit.) (46 ¢) with hot acetic anhydride (40 ml.) dering | hour and on isolation 
cryetaliieed from alcohol in flat needies (4g). m. p. 133-134", insoluble in aqueous sodium hydrogen 
carbonate (Found. C, 61-7; H, 45. C,H, requires C, 61-5; H, 43%) Interaction of the acetate 
(1 g.) with acetic aced (3 mil), acetic anhydride (2 ¢.), and excess of boron trifluoride was accompanied 
by deacetylation and gave ¢ hydroxy-7-methoxy-3-acetylcoumarin, m p. 189, identical with specimens 
prepared by methods (4) and (4) (Found: C, 61-1; H, 44%). The 2: 4-dinitrophenylhydrazone had 
m p. 262° (decomp) after siatering at 265° 

4 Hydrovy 6 methorycoumarin —-When the vigorous reaction {initiated by gentle warming) between 
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Ber, 1904, 37, 774) (1-4 @.), ethyl carbonate 
the mixture was heated on 
ol, and diluted with much ether. On isolation the 
and “an excess of ae 4 NY wee ackl, giving 4-Aydrory- 
6-methos ycoumarin which formed colour needies (1-6 g.), 170° (decomp.), from dilute alcohol, 
soluble in aqueous sodium hydrogen carbonate (Found: C, rm ; H, #2 CHO, requires C, 62-5; 
H, 42%) 

soeiicestcatinen tbanetanaantes Interaction of the foregoing coumarin (0-7 g.), acetic acid 

(6 ml), acetic anhydride (1-4 g.), and excess of boron trifluoride in the usual manner gave a solid (0-8 g.), 
m. p. ~180°, which on being dissulved in boiling aleohol yielded -Omethory-3-acetycoumarin 
Thss compound ted from the cooled solution in silky needles, changing to small prisms whea 
left in contact the saivent and, on recrystallisation from acetic acid, formed elongated rectangular 
»risms, m. p. 153°, slowly soluble in aqueous sodium hydrogen carbonate and giving an orange-yellow 
lerric reaction in alcohol (Found: C, 61-2; H, 45. neh nee < 61.5; H, 43%) red 
under the usual conditions, the 2: é-danetrophemylh ydrasome was very slowly formed and alter ng 
extracted with bothng alcohol the crude product os a a nitrobenzene in orange rectangular 
plates, m. p. 246-—247° (Pound: C, 524; H, 346. C,,H,,O,N, requires C, 52-2; H, 24%). 

4-Hydrosy-6 : 7-dimethory-3-acetylcoumarm (LIT) ‘o) © interaction of 2- ~acetoxy-4 > >-dumethoxy- 
benzoy! chloride [from 5 g. of 2-acetoxy-4 : 5-dimeth ack) (Head and Robertson, /., 1931, 
2432)), and ethy! sachoacetoacetate (from 3 ml. of ester os 52 g. of sodium) in ether (20 mi.) followed 
by treatment of the mixture with warm alcoholic sodium ethoxide (from 0-52 g. of sodium and 15 mil. 
of alcohol) im ether (50 mi.) on the water-bath for 3 hours, gave 4-4ydrory-6 | 7-dimethovy-3-acetylecoumarin 
which separated from alcohol in lemon-yellow needles, m. p. 250° (Found: C, 50-7; H, 46. C,H,,O, 
requires C, 59-1; H, 46%). 

(b) The foregoing coumarin was formed by the action of excess of carbony! chioride on the disodio- 
derivative of 2-hydroxy-4 : 5-dimethoxybenzoylacetone (Part Il, joc. cit.) in toluene cooled in an ice~ 
salt bath during 24 hours. The product formed pale yellow needles (1-5 g.), m. p. and mixed m 

(ce) Obtained by the interaction of 4-bydroxy-6: 7-dimethoxycoumarim (1 g.), acetic anhydride 
(2 ¢.), and excess of boron trifluormde im acetic acid (6 mi), the viscous reaction mixture was treated 
with water (50 ml), and the bright yellow precipitate (1-1 g.) isolated, washed, and dried. On being 
cooled a solution of the product m hot acetic actd deposited the anchanged boron complex in yellow 
needles, m. p. 280°, imsoluble in cold 2y-aqueous sodmm hydroxide and giving a green fame test. When 
this compound was boaled with 50%, aqueous sodium acetate or with sodium acetate in acetic ackd, a 
coloariess solution was slowly formed which, on being cooled, deposited 4-hydroxy-6 : 7-dimethoxy- 
3-acetylcoumarif in cream-coloured needles (0-5 g.), m. p. and mixed m. p. 250 Thus compound 
which gave a golden-yellow colour with ferric chloride in aclohol and slowly dissolved in aqueous sodium 
hydrogen carbonate, did not a to form a 2 : 4-dinttrophenylhydrazone 

Ethyl 2-Hydroxy-4 : 5-ds saybensoyipyruvate (VIL; K = H).--When a well agitated mixture of 
2-hydroxy-4 : 5-dimethoxyacetophenone (Part 11, lee. cat.) (5 g.), ethy! oxalate (15 ml), and pulverised 
sodium (0-8 g }, comtaiming one drop of alcohol, was heated on the steam-bath, a vigorous reaction ensued 
and the reaction mixture set to a stifi paste. After the addition of sufficient methanol to destroy un- 
changed sodium, followed by an excess of ether, the sodio-derivative was collected, washed with ether, 
mixed with acetic acid (10 mL), and then treated with a considerable volume of water. Thus precipitated, 
ethyl 2-hydroxry-4 > 5-dimethorybensoylipyruvate was collected and crystallised from aqueous alcohol, 
forming smal) yellow needles (4-9 ¢.), m. p. 157°, which give an ohve-green, amber-tinged ferric reaction 
in aleobol (Found: C, 56-9; H,56. Cy.H,.O, requires C, 56-7; H, 4%) 

A solution of this ester (3 g.) in pyridine (7 mi.) and acetic anbydrede (10 mi.) was kept at room 
temperature for 18 hours and then mixed with an excess of dilute hydrochioric acid, giving a viscous 
precipitate which slowly solidified. Crystallised from alcohol this gave ethy! 2-acetorv-4 : 5-dimethosy 
benzoylpyrevate (VII; R Ac) in pale lemon-yellow, feathery needles (2 ¢.), m. p. 133°, exhibiting a 
reddish-brown ferric reaction in alcohol (Pound: C, 560; H, 5-4. C,,H,.O, requires C, 56-8; H, 
5-3%) 

A solution of ethyl 2-hydroxy-4 : 5-dimethoxybenzoylpyruvate (1 g.) in the minimum quantity of 
warm acetic acid was treated with a drop of concentrated hydrochloric acid, heated on the steam-bath 
for 15 mimutes, and then poured on ice, giving a precipitate of ethyl 6 7-dimethorychromone-2-carborylate 
which, on crystallisation from alcohol or ethyl acetate-light petroleum (b. p. 60-80"), formed tiny, 
cream-coloured needles (0-88 g.), m. p. 182° (Found: C, 602; H, 52. C,,HyO, requires C, 2; 
H, 51%). When a solution of this chromone-ester (5 g.) in hot alcohol (50 ml.) was mixed with concen- 
trated hydrochloric acid (25 ml) and then heated under reflux for 3 hours 6 : 7-dimethorychromone- 
2-carborylic acid gradually separated. On isolation from the cooled mixture, this compound was 
apy by ee from hot nitr and d in tiny, pale cream-coloured needles 

303° (decomp.), readily sobebte tn cold aqueous sodium hydrogen carbonate and insolnble 
in the usual organic solvents (Found: C, 57-8; H, 42 CygH > requires C, 57-46; H, 40%). On 
being heated above its melting point this acid (1 g.) readily evolved carbon dioxide, leavi a residue of 
6 : 7-dimethoxychromone which was purified by sublimation in a high vacuum at 180° obtained in 
small irregular, pene omy ml i Og m. p. 163°, from light petroleum (b. p. 60-—-80°), identical 
with an authentic specimen (Part II, loc cat ). 

Ethyl 2-Methyl-6 . 7-dimeth S-clyorylate (1X).—(e) A mixture of ethyl 2-hydroxy- 

4: 5-dimethoxybenzoy!pyruvate (eg). sodium acetate (6 g.), and acetic anhydride (30 ml.) was heated 
on the steam- bath for 15 minutes, treated with water (100 ml.), and then warmed until a clear solution 
was obtained. On being kept at 0° the reaction mixture slowly deposited eth 
chromone-2-carboxylate (3-2 ¢.) and, after the of the latter, the liquor on 
agp and then 300 ml.) ney ated ye Org Seawen 
by ethyl 6. 7-dimethory-2- " yorylate ( ) (ca. &.). Although 
in this manner in two experiments, in a number of cases canes tt tated te Go cn cad cat tad 
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liquor by extraction with ethyl acetate. Repea crystallisation of the crede glyoxylate 
from alcohol, benzene gh 


~160" (Found: C. 598; H, 4-0 Cyl, <O, requires C, 60-0, H, 5-0%). 
ee water in small colourless prisms, m. p. 240° (decomp.) (Found. N, 10-7 
Cy pH ON, requires N_ 11-1%) 

(6) A musture of ethyl 2-hydroxy-4 © 5-dimethoxybenzoylpyru vate (3 g.), acetic anhydride (11 ml.) 
and acetic acid (5 ml.) was saturated at 0° with boron trifluoride, and 24 hours later the orange-red 
complex was collected, washed with acetic acid, and warmed with acetic acid (17 mi.), water (7 ml), 
and sodium acetate (7g). The resulting homogeneous solution was then diluted with water (250 ml.}, 
and meat day the gummy semi-crystalline uct was collected and purified by crystallisation as in 
method (4), ee a small yield of ethyl 7 -dimethoxy-2-methyichromone-3-ghyoxylate, m. p. and 
mixed mp. 182" 

(ce) When a mixture of ethyl 2-acetoxy-4: 5-dimethoxybenzoyipyruvate (2 g.), sodium acetate 
(2 ¢), and acetic anlyvdride (10 ml) was warmed on the steam-bath for 5 minutes and diluted with water 
(150 mi), & sem)-cryvtaliine solid (2 g.) separated which, on repeated purification from alcohol, benzene, 
and ethyl acetate, gave a small yield of ethyl 6: 7-dimethoxy-2-methylchromone-3-glyoxylate, m. p. 
and mixed m. p. 182 

Evaporation of the mother-liquors from the purification of the foregoing chromone-3-glyoxylate 

—— by method (c), followed by slow crystallisation of the residue from ethyl acetate, gave ethyl 

7 -dimethory-3-acetylchromone-2-carboryiate (X1; RK = Et) in thick, massive, colourless prisms (0-5 g_), 
m. p. 147°, after repeated purification (Found : C, 60-0; H, 50%). This compound (0-2 ¢.), which hada 
negative ferric reaction, was warmed on the steam-bath with concentrated sulphuric acid (3 mi.) for 5 
minutes, the solution was treated with crushed ice, and the resulting precipitate was isolated by extraction 
with much chloroform. Crystallisation of the product from the same solvent yielded 6 : 7-dimethory- 
3-acetyichromons-2-carborylic acid (X1; R ~ H) im colourless prisms (0-15 g.), m. p. 240—-241° (decomp. }, 
sparingly soluble in aleahol of chloroform, almost insoluble in benzene or light petroleum, readily soluble 
in 2n-aqueous sodium hydrogen carbonate (Found: C, 57-4; H, 42. C,,H,,O, requires C, 575; 
H, 41%). Decarboxylation of this acid appeared to give a mixture of non-acidic compounds which was 
fot further investigated 

When heated on the steam-bath with concentrated sulphuric acid (5 mi.), ethyl 6: 7-dimethoxy 
2 methyichromone-3-glyoxylate (0-5 g.) evolved carbon monoxide and, after the effervescence had 
ceased, the reaction mixture was treated with ice. Crystallisation of the resulting precipitate from 
acetic acid (charcoal) of from chioroform-—light petroleum (b. p. 60—-80°) gave 6 : 7-dimethory-2 a 
chromone-B-carboxylie acid in tiny colourless needles (0-38 g.), m. p. 224° (decomp.) (Found , 00 
H, 44. Cy HO, requires C, 50-1; H, 46%) 

With © \ K. Cavus.) 4Mydrowy-6 > T-dimethory-3-acetoacetylcoumarin (XIV -A solution of 
O-dimethy leitromycinone (Part 11, lec. cst.) (1 g.) in concentrated hydrochloric acid (50 ml.) was heated 
on the steam- bath for 10 minutes, diluted with water (100 ml), almost neutralised with 2N-aqueous sodium 
hydroxide, and extracted with ether (50 mi. « 5). During the extraction unchanged O-dimethy! 
citromycinone (0-8 g.), which is insoluble in ether, separated from the aqueous liquor. Evaporation 
of the dried ethereal extract left 4-Aydrosy-6 : 7-dimethosy-3-acetoacetylcoumarin which formed colourless 
needles (0-05 g.), m. p. 208" (decomp.), from ethanol (Found: C, 588; H, 47. C,,H,,O, requires C, 
sas. HH, 46% 

The yellow eubetic m of the compound (0-04 g.) in concentrated sulphuric acid (2 ml.) was kept at room 
temperature for 24 hours and then poured into ice-water (30 ml.). The pale yellow solid, which slowly 
separated, was collected, well washed, and crystallised from acetic acid, giving O-dimethylicitromycinone 
in colourless prisms (9-02 g.), m. p. 314-316" (decomp.), undepressed on admixture with an authentic 
spec unen 

6 | 1-Dimethory-4 -methyl-a-Pyrone(S' : 6 + 3: d\coumarin (XVI).-A mixture of 4-hydroxy-6 : 7-di 
methoxycoumarin (1 ¢), phosphoric oxide (4 g.), ethyl acetoacetate (2 mi.), and acetic acid (20 ml) 
was heated on the steam-bath for 20 minutes and the resulting brownish semi-solid was transferred 
portion-wise to an excess of water. After having been well washed with aqueous sodium hydrogen 
carbonate and water the resulting crystalline product was extracted with concentrated hydrochlorx 
acid and then recrystallised from acetic acid (charcoal), giving the e-Pyrono-coumarin in pale cream 
coloured, thin prisms (6-9 ¢), m f 202° (slight decomp.) (Found: C, 626; H, 43; OMe, 21-7 
CHO OMe), requires C, 62-5 {, 42; OMe, 21-56% This compound dissolves slowly in hot 
2y-aqueous saxdium hydroxide and is precipitated unchanged on acidification of the yellow alkaline 
solution with dilute hydrochloric acid An acetic acid solution of the coumarin exhibits an intense 
purple fluorescence 

When the phosphoric oxide was replaced by phosphorus oxychloride in the foregoing reaction the 
yield of coumarin was 0-35 ¢ .. whilst with concentrated sulphuric acid only a very small amount of the 
compound was formed 
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184. 1:4-Oxazines. Part I. Synthesis of Hydrory-1 : 4-oxvazines. 


By G. T. Newnorp, F. 5. Serine, and Witrrep Sweeny. 


A simple method for the appt 3; Ccueeins Saiatinn bs Sais & ee on 
a-bromoacy! derivative (VII) ry ethyl ee. is treated with ammonia or 


sodium ethoxide. In this way, ethyl 5-h -2 : 6-dimethyl-1 : 4-oxazine-3-carboxylate 
(VILL; R = Me, R’ = Et) and ethyl 5-b -methyl-1] : 4-oxazime-3-carboxylate (VIII; 
R «~ H, R’ = Et) have been prepared. esters can be hydrolysed to the 


acids (VIII; R’ = H) which when heated lose carbon dioxide to yield the hydroxy-1 : 4- 
oxazines (1X) 


TREATMENT of an a-bromoacy! derivative (I) of an #-amino-ketone of the type NH,-CHR-*COR’ 
in which R is not hydrogen) with ammonia gives a hydroxypyrazine (11) (Tota and Elderfield, 
]. Org. Chem., 1942, 7, 317; Newbold and Spring, /., 1947, 373). Similar treatment of an 
z-bromoacy! derivative (III) of an aminomethy! ketone, however, gives a 2- wo aarpesnn AY ws 
VI) (Newbold, Spring, and Sweeny, /., 1048, 1855; 1949, 300). The mechanism 

the latter reaction involves the self-condensation of the aminomethy! ketone derivative (IL1) = 
give a tetrahydropyrazine (IV) which is converted by an intramolecular reductive dehalogenation 
into a dihydropyrazine such as (V), oxidation of which gives the aromatic pyrazine (VI). This 
mechanism is in accord with the observation that this type of reaction only takes place with 
aminomethy! ketone derivatives and that it requires the presence of a halogen substituent in the 


acyl group. Furthermore, in one instance the dihvdropyrazine intermediate was sufficiently 
stable to allow its isolation 


(lL) R°COCHR-NHCO-CHR Br KCOCHYNH-COCHR Br (LIL) 
N NH 
rR” CH NHCOCHR Br 
OH . HR (iv) 
NH 


N 
CNH-CO-CH,R’, R; NH-CO-CH,R 
R 


CR 


Me-¢ 
rR Po 
Me-CO-CH (CO, Et) NH-CO-CHRBr } } 
H H 
Vil Vill IX.) 

Since Tota and Elderfield’s direct method could not be applied to the synthesis of 3: 5-di- 
substituted 2-hydroxypyrazines, an examination was made of the action of ammonia on an 
a-bromoacy! derivative of type (1) in which R is a group capable of elimination after ring-closure 
is complete ; the object of this approach was to enforce 2-hydroxypyrazine formation and exclude 
2-acylamidopyrazine formation by temporary protection of the methylene group essential for 
the latter reaction. The present paper records our experience with a-bromoacy! derivatives 
(VII) of ethyl a-amino-$-ketobutyrate (ethyl a-aminoacetoacetate). 

Acylation of this ester with 2-bromopropiony! chloride in the presence of N -methylmorpholine 
gives ethyl a-(a-bromopropionamido)-§-ketobutyrate (VIL; K <— Me). Treatment of the last 
compound with liquid ammonia at room temperature gives neither a hydroxypyrazine nor an 
acylamidopyrazine but a | : 4-oxazine derivative, ethyl 5-hydroxy-2 : 6-dimethyl-1 : 4-oxazine-3- 
carboxylate (VIII; R Me, R’ Et) by simple elimination of the elements of hydrogen 
bromide. This 1 : 4-oxazine derivative is more conveniently obtained by treatment of (VII; 
R < Me) with sodium ethoxide. Cautious alkaline hydrolysis of ethy! 5-hydroxy-2 : 6-di- 
methyl-1 : 4-oxazine-3-carboxylate gives the corresponding 1 : 4-oxazine-3-carboxylic acid 
VIIl; R= Me, R’ = H) which when heated yields 3-hydroxy-2 : 6-dimethyl-1 : 4-oxazine 
(IX; R = Me), 

In a similar manner treatment of ethyl a-bromoacetamido-S-ketobutyrate (VIL; R « H) 
with ammonia or, better, sodium ethoxide yields ethyl 5-hydroxy-2-methyl-1 : 4-oxazine-3 
carboxylate (VIII; R =< H, R’ = Et), hydrolysed to 5-hydroxy-2-methy!l-! : 4-oxazine-3- 
carboxylic acid (VIIL; R = R‘ « H) from which 5-hydroxy-2-methyl-1 : 4-oxazine (IX; R = 
H) is obtained by the action of heat 

Although tetrahydro-1 : 4-oxazines (morpholines) are well known, as are compounds such as 

3N 
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phenoxazine containing the | : 4-oxazine system as part of a fused aromatic ring system, as far 
as we are aware simple | : 4-oxazine derivatives have not previously been described; Hill and 
Powell (J. Amer. Cham. Soc., 1945, 67, 1462) have suggested that a dehydration product from a 
benzoyl derivative of 3: 4-dihydroxyphenacylamincethanol is a dihydro-1 : 4-oxazine, and 
Cook and Cox (J., 1949, 2347; cf. Chadwick and Pacsu, J. Amer. Chem. Soc., 1943, 65, 392) 
have described a series of 2 : 5-diketomorpholines 

The course of the reaction between ammonia and an «-(a-bromoacylamido)-ketone (I) is 
controlled by the nature of the substituent R; if this is a hydrogen atom, reaction proceeds to 
give a 2-acylamidopyrazine (VI). When R is an alky! or ary! group, the reaction leads to a 
hydroxypyrazine (II) and, where R is the carbethoxy-group. it gives a 1: 4-oxazine derivative. 
The formation of a |: 4-oxazine derivative is dependent upon a high degree of enolisation induced 
in the carbony! group of the compounds (VII) by the neighbouring carbethoxy! group, a view 
supported by the observation that 3-(a-bromopropionamido)butan-2-one, which on treatment 
with ammonia gives 3-hydroxy-2 : 5: 6-trimethy!lpyrazine (Newbold and Spring, loc. cit.), on 
reaction with sodium ethoxide gives 3-(¢-cthoxypropronamido)butan-2-one and not 5-hydroxy- 
2:3: 6trimethyl-1 : 4-oxazine. Similarly, treatment of either a-bromopropionamidoacetone 
ot w-(a-bromopropionamido)acetophenone with sodium ethoxide in each case leads to simple 
replacement of halogen by an ethoxy-group to give aethoxypropionamidoacetone and 
«-(a-ethoxypropionamidojacetophenone, respectively. In each case the yield of ethoxy- 
derivative is high and in neither case is the formation of a | : 4-oxazine observed. 


EXPERIMENTAL 


Ethyl a-(a-Bromopropronamido)-§ hetobutyrate — A stirred suspension of ethyl e-amino-8-ketobutyrate 
hydrochloride (10-0 ¢ ) in dry chloroform (150 c.c.), to which was added a solution of «-bromopropiony! 
chioride (11-0 ¢} im dry chloroform (50 c.c.), was cooled to 0° and treated with N-methylmorpholine 
(13-0 g ) im dry chieroform (25 c.c.) added dropwise during 30 minutes, the reaction mixture was stirred 
for | hour at 0°, then washed successively with water, dilute hydrochloric acid, saturated sodium hydrogen 
carbonate solution, and water, and dried (Na,SO,), and the chloroform removed under reduced pressure 
The resktue, which solidified, was crystallised from light petroleum (b. p. 40-60"), from which ethyl 
«-(a-bromopropionamido)-8-Actobutyraie (13-0 g., 84%) separated as needles, m. p. 70° (Fouad: C, 38-5 
H, 60; N, 50. C.H,O.NBr requires C, 38-6; H, 50; N, 50%) 

hthyl a- Hromoacetamido- B-het: yrate.—The method described above being used, ethy! a-amino-£ 
ketobutyrate hydrochloride (13-5 g.) was treated with bromoacety! chloride (15-0 g.) in the presence of 
N-methylmorpholine (20-0 g ) to give ethyl a-bromoacetamido-p-hetobutyrate (16-5 g., 83%), which separated 
from light petroleum (b. p. 80-100") as needles, m. p. 09° (Found: C, 362, H, 45; N, &1. 
C,H yO N Br requires C, 36-1; H, 45, N, 53%). Both ay pe eae are insoluble in water, 
readily soluble im the common organic solvents, and give a claret-red colour with aqueous ethanolic 
ferric chloride solution 

Ethyl &-Hydrowy-2 . 6-dimethyl-1 : 4-cxarzine-3-carbosylaie.—(a) A solution of ethyl a-(a-bromo- 
propionamido)-§-ketobutyrate (10-0 g ) in liquid ammonia (100 c.c_) containing ammonium iodide (0-5 g.) 
was kept in an autoclave at 15° for 16 hours. After removal of the ammonia, the residue was extracted 
(Soxhlet) with light petroleum (b. p. 60-80"). Concentration of the extract gave ethyl 5-hydrory-2 : 6- 
dimethyl : 4-cxanne-3-carberylate (43 g.. 61%) as needles, m. p. 96° (Found: C, 541, 54-3; H, 665, 
68, N.7-3,68. CH YON requires, C, 543; H, 65, N, 70% Light absorption (ethanol). Maxima 
at 2900 a. (« T7100) and 2800 4. (« S600) 

(6) A solution of ethyl «-(e-bromopropionamido)-§-ketobutyrate (0-80 g.) in ethanol (2 cc.) was 
added to a solution of sodium ethoxide, from sodium (0-07 g.) and ethanol (2 c.c.). After being 
kept overnight at 15° the solvent was removed under reduced pressure, and the residue extracted with 
boiling light petroleum (b. p. 60-80"; 3 x 10 cx Ethy! 5-hydroxy-2 | 6-dimethyl-| | 4-oxazine-3- 
—— late (0-4 g.) separated on cooling as needles, m. p. 96" alone or mixed with the specimen described 
ul T (4) 

Ethyl 5-Hydrovy 2-methyl-1 > 4-onasime-3-carbowylate @) Ethyl «-bromoacetamido-§-ketobutyrate 
(1 g.) was treated with liquid ammonia as described above. Kemoval of the ammonia gave a gummy 
residue which was extracted with light petroleum (b. p. 80-100", 6 « 25 c.c.): concentration of the 
extract under reduced pressure gave ethyl 5-Aydrory-2-methyl-1 . 4-cxazine-3-carborylate (0-5 g., 14%) as 
needles, m. p. 112° (Found: C, 51-6; H, 59; N, 7-85. C,H,.O,N requires C, 51-0; H, 50; N, 7-6%) 
Light absorption (ethanol) : Maxima at 2300 a. (¢ « 6800) and 7500 a. (¢ * 5400) 

(6) Ethyl e bromoacetamido-§-ketobutyrate (4-1 g ) in dry ethanol (25 c_) was treated with a solution 
of exiem ethomide, from sodium (0-4 ¢.) and ethano! (5 c.c.), at 15° and kept at this temperature for 
16 hours. Evaporation of the ethanol ander reduced pressure and extraction (Soxhlet) of the residue 
wath light peeeioum (b. p. 60-80") gave ethyl 5-hydroxy-2-methyl-1 : 4-oxazine-3-carboxylate (1-55 g., 
545%) as neeiies, m. p. 112° either alone or when mixed with the specimen prepared by method (a). 

S-Hydrovy- 2 O-dimethyi-| 4-onarime 3-carboryiic Acid A suspension of ethyl 5-hydroxy-2 : 6-di- 
methyloxazine-3-carboxylate (30 g.) in aqueous sodium hydroxide (1% c.c., © 1N.) was shaken at 15°. 
After 16 hours, when dissolution was complete, the mixture was acidified to pH 40 with hydro- 
chieric acid and evaporated under reduced pressure to half-bulk. After cooling to 5° the ¢ ine 
solid was separated, washed with ethanol, and dried in air (2:15 ¢.. 83%). 5-Hydrowy-2 : 6-dé wi-l: 4 
S-carboryite actd separates from methanol as prisms, m. p. 214° (decomp.) (Found: C, 496; H, 56; N, 
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&5%; equiv, 172. C WN requires C, 401; H, 53; N, 82%; equiv, 171). Light absorption 
ethanol): Maxima at a. (© = 7100) and 2800 a. (¢ — 5900), 
= Car acid was similarly obtained from its ethy! ester in 64%, 
as prisms, m . 226° (decomp) (Found : C. 46-1; H, #3; N, 04%; 
v., 161. CiH,O,N requires C1 45-9; H, 45; N, 89%; equiv., 157). Light absorption (ethanol) - 
ma at (ie = ) and 2800 a. (¢ = 80%) 

3-Hydroxy- 2 : 6-dimethyl-1 : 4-onarime.—5-Hydroxy-2 : 6-dimethy!-1 : 4-oxazine-3-carboxylic acid 
(200 mg ) was heated to 235° at atmospheric pressure for 15 minutes, effervescence then having ceased 
Sublimation of the residue at 120°'1 mm. gave 3-4ydroxy-2 : 6-dimethyl-1 : 4-onarime as plates, m. 

(40 mg.) (Found: C, 56-8; H, 7-15; N, 108. C, OWN requires €. 56-7; H, 71; N, 110%). t 
absorption (ethanol): Maximum at 2650 a. (e = 3800 Lae tape pound, which is extremely hygroscopk 
is soluble in the cold in the common solvents with the light petroleum 

5-H ydroxy-2-methyl-1 : 4-oxarine —S-Hydroxy-2-methyl-1 |: ¢-cuasine 9-carbouytic acid § (100 
was kept at 250° for 15 minutes at atmospheric pressure. The product was distilled at 120°/3 mm. to 
give a colourless oil, which solidified. Sublimation at 80° /0-5 mm a 5-hydrowy-2- va ¥ 1: 4-owartne 
(20 mg.) as hygroscopic prisms, m. p. 54—-568° (Found: C, 52-95; 64, N,123 H,ON requires 
C, 532; H,@2; N, 124%). Light absorption (ethanol) cortege 2680 a. (¢ = ‘abes.” 

3-(a F thoxyprops. mamido)buten- 2-one —-A solution of 3-(e-brom: ionam ido) butan- 2: one (15 ¢ 
in dry ethanol (15 c.c.) was added to a cold solution of sodium ethox sodium (0-2 ¢.) and sthaet 
(Sc.c.), and kept at 15° for 36 hours. The red solution was separated from sodium bromide and evapor- 
ated to dryness under reduced pressure, and the residue extracted with boiling light roleum (b. p 
100°; 3 x 5cc.). Removal of the solvent from the extract gave an oil which solidified on cooling 
Sublimation at 70°/0-1 mm. followed by crystallisation from hght petroleum (b. p. 60-80") gave 
3-(a-ethoxypre »pionamido)butan-2-one gy s¥) as prisms, m. p. 45° (Found: C, 67-3; H, 90; N, 74 

C,H,,O,N requires C, 57-7; H, @1; 

a E thoxypropronamidoacetone a as. SES etone (0-8 g.) in dry ethanol (10 c.c.) was 
added to a solution of sodium ethoxide, from sodium (0-1! g.) and ethanol (5 ¢.c.), and the solution left 
overnight at 15°. The reaction mixture, filtered from sodium bromide, was evaporated under reduced 

re to give a gum. Sublimation at 60°/0-5 mm. gave a-cthorypropionamidoacetone (0-2 g.) as 
ygroscopic needles, m. p. 65° (Found: C, 55-4, H, 87; N,&3. C,H,,O,N requires C, 65-5; H, 8-7; 
N, 81%). 

w-(a-E thosypropionamido acetophenone. —w-(a-Bromopropionamido)jacetophenone (2:5 g) in dry 
ethanol (15 c.c.) was treated with a solution of sodium ethoxide, from sodiam (0-3 g.) and ethanol (5 c.c.) 
After 36 hours at 15° the ethanol was removed under reduced pressure and the residue extracted with 
boiling light petroleum (b. p. 100—120°; 10 « l0c.c.). Concentration of the extract gave w-(«-ethory- 
propiomamido) Aenone (270 mg.) as needles, m. p. 89° (Found: C, 66-5; H, 7-4; N,63. C,,H,,O.N 
requires C, 66-4; H, 7-2; N, 60%) 


Our thanks are due to the Department of Scientific and Industrial Research for a maintenance grant 
(to W. S.) 


Tue Rovat Tecunicat Cottece, Giascow. Received, December 16th, 1949.) 


185. Stereochemistry of Metabolic Diols from Naphthalene and 
Anthracene. 


J. W. Coox, J. D. Loupos, and W, F. Wittiamson. 


Resolution of trans-1 : 2; 3: 4-tetrahydronaphthalene-| : 2-diol, through the diesters of 
i@vo-menthoxyacetic acid, aflords the destro-trans- and lavo-trans-diols he former of these 
is identical with the product obtained by wha mar the la@vo-1 : 2-dihydronaphthalene- 
1 : 2-diol which was isolated Young (Biochem 1947, 4). 417) from the urine of rats 
dosed with naphthalene and which, accordingly, bed the frans-structure 

(+)-cis- and (+)-frans-1 : 2:3: 4-Tetrahydroanthracene-| : 2-diols have been synthesised 
and characterised. The pro ies of the (+ )-frans-diol correspond with those described by 
Boyland and Levi (ibid., 1935, 29. 2679; cf h and Boyland, ibid, 1949, 44, 361) for the 
hydrogenation product of the (+ )-metabolite which is formed when anthracene is fed to rats 
or rabbits 


Boytanp and Levi (Biochem. ]., 1935, 29, 2679) showed that anthracene, fed to rats and 
rabbits, is converted in part into levorotatory and inactive forms, respectively, of the diol (I). 
Young (loc. cit.) isolated a lavorotatory form of the diol (11) from the urine of rats dosed with 
naphthalene. According to Booth and Boyland (sbid., 1949, 44, 361), the respective diols (I) and 


will be destro-, levo-, and inactive forms. It is of interest in relation to the 
biological oxidation to determine the stereochemical form(s) of these metabolites, 
the present investigation was begun the only guide was provided by the work of 











vi2 Cook, Loudon, and Williamson : Stereochemistry of 


Shoppee (/.. 1947, 801), who inferred a cis-configuration for the metabolites (1) from the 
rapidity with which these diols were oxidised by lead tetra-acetate. Recently, however, in 
view of the negative response to Criegee’s reagent for cis-diols (wiz., tnacetylosmic acid, cf 
Criegee, Marchand, and Wannowius, Annaien, 1962, 550, 99), Booth and Boyland (loc. ct) 
have preferred the frans-configuration for the anthracene metabolites and have supported the 
same configuration for the naphthalene metabolites by extensive evidence which in part 
anticipates our own. 


On OH OH OH 
‘ont OH OH Ou 


\ 


! tt itt Iv.) 


The metabolites (1) and (11) are readily hydrogenated to the tetrahydro-diols (III) and (IV 
respectively (Boyland and Levi, loc. eit.; Young, Joc. cit.), and it was the aim of the present 
investigation to secure for reference and for optical resolution the cis- and frans-forms of 

these (+ )-tetrahydro-diols. Straus and Kohr 

Oxidation of 1/4000 mol. of (1) cis amd (2) trans bacher (Ber., 1921, $4, 40) obtained the (+ )-diol 

1. 2-dihydroey-1 > 2.3. 4-tetradydroanthracene . 

itt, lead tetva-acdtate (IV) in ets- and trans-forms respectively b: 

oxidation of 1. 2-dihydronaphthalene with 
potassium permanganate and by stepwise 
~ hydrolysis of 1: 2-dibromo-1: 2: 3: 4-tetra- 
hydronaphthalene. These are satisfactory 
methods of preparation, and confirmation of 
the configurations assigned follows from (a) the 
results of applying to | : 2-dihydronaphthalenc 
7 well-authenticated modern methods for cis 
| or trans-hydroxylation of a double bond (cf 
| Experimental), (5) tests with potassium tri 
| acetylosmate (cf. Experimental), and the 
} relative rates of oxidation by lead tetra-acetate 
determined by Criegee, Kraft, and Kank 
4 Annalen, 1933, 507, 159). 
| 
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Resolution of trans-1: 2:3 4-tetrahydro 
naphthalene-1| : 2-diol was effected through 
diesters produced by acylation with Jeve 

w rT, 60 ae menthoxyacety! chloride (cf. Wilson and Read 
Time (mroutes) J., 1935, 1269). The esters were separated by 
fractional crystallisation from light petroleum 
and on bydrolysis afforded the dextro-trans- and levo-trans-diols (IV). The former diol was 
found to be identical in m. p. and specific rotation with a dextrorotatory specimen of the 
hydrogenated metabolite, which was kindly supplied by Professor L. Young: the m. p.s of 
the diacetates were also identical and were unaffected by admixture of the two samples 
Attempts to resolve the cis-diol (IV) by the same means or through esters of /avo-menthy! 
glycine (cf. Clark and Read, ]., 1934, 1775) were unsuccessful because of failure to obtain the 
esters in crystalline form 
For the synthesis of the ci- and frans-1: 2. 3: 4-tetrahydroanthracene-1 : 2-diols (III), 
2-anthrol was hydrogenated under pressure in the presence of copper chromite to an easily separ- 
able mixture of 9: 10-dihydro- and 1: 2: 3: 4-tetrahydro-2-anthrol. Von Braun and Bayer 
(Aunaien, 1929, 472, 105) reported the dehydration of the latter compound by distillation of 
the phenylurethane, but a more satisfactory method consists in heating the tetrahydroanthrol 
with fused potassium hydroxide. 1: 2-Dihbydroanthracene, so obtained, was converted, by 
treatment with osmium tetroxide in benzene-pyridine and subsequent hydrolysis of the ester 
complex, into the cts-chol (III), and the corresponding frans-diol was prepared (a) by hydrolysis 
of 1: 2-dibromo-1 2:3 4-tetrahydroanthracene ria lor 2)-bromo-2(or 1)-Aydrory-1 : 2:3: 4- 
tetrahydroanthracene, (>) together with some or-diol, by oxidation of 1 : 2-dihydroanthracene 
with lead tetra-acetate 
The configuration assigned to these two diols is implicit in their respective methods of 
preparation and ts confirmed by the fact that the isomer designated cis, alone of the pair, induces 
a colour change in the test with potassium triacetylosmate. Further confirmation is afforded 
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by the relative rates of oxidation by lead tetra-acetate (see Fig.), the cis-isomer showing the 
expected higher rate. It will be observed that in each case oxidation of the dict corresponds 
to the consumption of one molar proportion of lead tetra-acetate, and in this respect there is 
correspondence with the data recorded by Boyland and Shoppee (loc. ci.) for oxidation of the 
lavo- and inactive metabolites (I). These authors are consequently in error in interpreting 
their results as showing the consumption of two moles of lead tetra-acetate with concurrent 
(or consecutive) oxidation of the diol grouping and of the meso-positions in (I). It is in any 
case clear that analogy between the meso-positions in anthracene and the corresponding 
positions in (I) is unsound. 

Attempts to resolve the cis- and trans-diols (111) were unsuccessful, but the m. p.s of the 
synthesised (+-)-frans-isomer and of the derived diacetate closely correspond with those 
reported by Boyland and Levi (loc. cit.) for the hydrogenated (+ )-metabolite and its diacetate. 


EXPERIMENTAL. 


2-Dihydroxy-1 . 2: 3 . 4-tetrahydronaphthalene (1V).—-(i) 1 . 2-Dihydronaphthalene (1 g.) 
and Lodter, Ber., 1890, 23, 205) was added to a solution of osmium tetroxide (2 g.) in dry 
ether (40 cc). After 7 days the solution was evaporated to dryness and the residue was refluxed for 
3 hours with a solution of sodium sulphite heptahydrate (8 g.) in water (40 c.c.) and ethanol (20 c.c.). 
After filtration (hot) and removal of most of the alcohol, (+)-cis-1 : 2-dihydroxy-1 : 2: 3: 4-tetra- 
hydronaphthalene (I[V) was recovered in chloroform; it had m. p. 101° (from benzene) (Straus and 
Rohrbacher, loc. cit., give m. p. 100-101"), 
(ii) To 3-25 c.c. of a dried solution of hydrogen peroxide (5 c.c.; 90% by weight) in fert.-buty! aloohol 
(30 cc.) were added, at 0°. 1 : 2-dihydronaphthalene (1 g.) and a solution of osmium tetroxide (0-1 g.) in 
tert.-buty! alcohol (10 c.c.,. After 8 days at 0° the solution was concentrated under reduced pressure 
and the residue was extracted with boiling water. The brown oil obtained by concentration of 
the aqueous extracts afforded, on recovery from benzene, the (~ )-cis-diol (1V), m. p. 99-—100", 
(+)-trans-1 ; 2-Dihydroxy-1 : 2: 3: 4-tetrahydronaphthalene.—-To a dried solution of hydre 
peroxide (0-5 g.) in fert.-buty! alcohol (2 c.c.) were added at 0° 1 : 2-dihydronaphthalene (2 g.) “ 
solution of selenium dioxide (0-06 g.) in tert.-butyl alcohol. After 5 days at 0° concentration afforded 
(+)-trans-diol (IV), m. p. 112° (from benzene) (Straus and Rohrbacher, loc. cit., give m. p. 112-113"). 
——. Marchand, and Wannowius (Joc. cit., 1942) wepestes trans-1 : 2-dihydroxy-! : 2:3: 4 
tetrahydronaphthalene (1V) to be exceptional (like frans-cyclohexane-1 : 2-diol) in forming a diester 
with potassium triacetylosmate. Booth and Boyland (loc. cit), without comment on this point, state 
that the reagent provides the usual distinction between these cis- and frans-dicls. Re-examination 
showed that there is a marked difference in behaviour between the two forms: the ois-form gave 
immediately a rapid change from blue through green and red to brown, whereas with the trans-form no 
immediate change was perceptible, but after 30 minutes the blue had been replaced by a purple colour 
Resolution of (+-)-trans-1 : 2-Dihydrowy-1 : 2: 3: 4-tetrahydronaphthalene.—Attompts were first 
directed to the formation of a monvester (cf. Wilson and Read, d 1 , 1269) by the ition of freshiv 
distilled (—)-menthoxyacety! chloride (23-4 g., 1-4 mols.) (Org. Synth., 28, 52) to a cooled solution of the 
(+)-trans-diol (IV) (12-6 g., 1 mol.) in pyridine (100 c.c.), After 16 hours at room temperature the 
solution was poured into water, and an ethereal extract, rey, washed in turn with dilute hydro- 
chioric acid, dilute sodium hydroxide, and water, and dried (Na,SO,), afforded a viscous oil which 
partly solidified when rubbed with light petroleum (b. p. 60-80"), This solid (24-5.), however, was found 
to contain unchanged diol and accordingly was treated as above with a further quantity of (—)-menthoxy- 
acety! chloride (29-9g.; 1-8 mols.). The resulting solid (33 g.) was separated by fractional crystallisation 
from light petroleum (b. p. 60-—80°) into a less soluble diester (A), m. p. 116—117°, [a)ff —21° (c, 10 in 
chloroform) (Found : C, 73-6; H,%2. C,y,H,,O, requires C, 73-4; H, 9-3%), and a more soluble diester 
(B), m. p. 101—102", [aff —170° (¢, 1-0 in chicroform) (Found: C, 73-4; H, 93%). The nature of 
these compounds as diesters (not conclusively shown by analysis—calc. for C,,H,,O, : C, 73-3; H, 80%) 
was supported by the observed consumption of 8-41 ¢.c. of 0-4005n-metha potassium hydrox 
(< 2 moles) in hydrolysis of 0-9679 g. of ester (A). The diester (A) (8 g.) was heated under reflux for 
3 hours with 2-5°%, methanolic potassium hydroxide (90 c.c.). Removal of the alcohol and recovery 
with ether afforded (—)-trans-] : 2-dihydroxy-1 : 2 : 3: 4-tetrahydronaphthalene, m. p. 114-115" (from 
benzene), {af} —134° (c, 1-0 in chloroform) (Found: C, 73-4; H. 74. C,H,,O, requires C, 73-2, H, 
7-3%). When a solution of the diol (213 mg.) in pyridine (4 ¢.c.) was treated at 0° with acetic anhydride 
(1 c.c.) and, after 12 hours, poured into ice and dilute sulphuric acid, the corresponding diacetate, m. p. 
66—67° ‘from light petroleum (b. p. >-120°)), was obtained : [aj + 126° (c, 1-0 in chloroform) (Found 
C, 67-8; H, 63. C,,H,,O, requires C, 67-7; H, 64%). Similar treatment of the diester (5) afforded 
(+ )-trans-I : 2-dihydrosy-1 : 2: 3: 4-tetrahydronaphthalene, m. p. 114—I115" (from benzene), of +132" 
1-0 in chloroform), {af} +64° (c, 0-5 in ethanol), [e/fj +-44° (c, 0-5 in ethanol) (Found: C, 73-2; 
roe Othe iss C, 732; H, 7-3%), and its diacetate, m. p. 66--67° ‘from light petroleum 
> "hie 


o 

H, 

{b. ry 1 (af —125° (c, 1-0 in chloroform) (Found : C, 67-7; H, 63. C,,H,,O, requires C, 67-7; 
H, 64%) 





Young (loc. cit.) records for the (+)-hyd ted metabolite (11) m. p. 115°, [aff +62° (c, 0-6 in 
ethanol), and a specimen kindly supplied by Professor Young did not depress 
1 . 2-dihydroxy-1 : 2: 3: 4-tetrahydronaphthalene and afforded a di 
and mixed micro-m. p. with (—)-frans-l : 2-diacetoxy-1 : 2:3 thalene. 
1: 2:3: 4-Tetrahydro-2-anthrol.——2-Anthrol (10 g.) (Lagodzinski, Annalen, 1905, 342, 68) in ethanol 
(100 c.c.) was hydrogenated in the p © of copper chromite (1 g.) at 200°/122 atm. for 7 hours. The 
solid, recovered from the filtered solution, was dissolved in ether and freed from 9 10-dihydro- 
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2-enthrol (m. p. 129", of. von Braen and Bayer, ic. cit.) by the solution with 20%, sodium 
sate 142:3 o-Caahy te S-catioe, tecovered from the ethereal solutian, had m. p. 
142° (from ethanol) (Found: C. 851; H,@8 Cale. for C,,H,,O: C, 84-9; H, 7-1%) (von Braun and 
Bayer, loc cit, give m p. 1468") 

1 | 2. Dibvdroanthracene..1 > 2 3: 4-Tetrabydro-2-anthrol (4 ¢) was heated for 1 hour with freshly 
fused m hydronsde (4 ¢ ) at is fie The product, recovered from ether, was sublimed at 
106...120° /2 mm., and had m Pp us 148" (from ethanol) (von Braun and Bayer, loc. cit., record m. 5 
150") (Found C. 934. H, 67 Cak for C.,H,,: C, 933; H, 67%) 

(+)-cte- 1 2-Dibydresy-1 2:3°:4 letvahydroanthracene (TIl).-A solution of | : 2-dihydroanthracene 
(1-42 «.) in dry ether (10 ¢<.) was added to a solution of cemtum tetroxkle (2 g) in ether (108 c.c.) and 
pyrkime (l4dcc) After 16 howrs the precipitate was collected and heated under reflux for | hour with 
@ solution of sodium sulphite heptahydrate (61 g¢.) in water (40 c.c.) and ethanol (20 cc). After 
Gitration (hot) and removal of most of the ethanol, the diol crystallised and had m. p. 133-—135° (from 
benzene) (Found: €, 767; HM. 66 C,.H..O, requires C, 785; H. 65%). When a solation of the 
diol (125 mg.) in pyridine (2 c.c.) was treated at 6° with acetic anhydride (5 ¢.c.) and, after 12 hours 
at room temperature, was poured into iced water. the corresponding rv omow m. p. 122° (from light 
eS (b. p. BO-—80°)), was obtained (Found: C, 72-1; H, 62. C,,H,,O, requires C, 72-5, H 


(+)-trane I : 2-Dibydrory-1 > 2:3 4-tetrahydroanthracene (111 i) To a solution of | : 2-dibrom 
1 2) 3: 4-tetrabydroanthracene 4) (m. p. 106— 106° (from light petroleum, b. p. 60-80"); von Braun 
and Bayer, loc. «it, record m. p. | im acetone water (4° 1), st at 50-40". magnesam carbonate 
(1 g.) was added daring 2-6 hours. The brown ail, obtained after filtration (hot) and removal of acetone 
was extracted and dried in ether affording, on concentration, I(or 2)-bremo-2(or 1)-4ydrory-1: 2:3: 4 
tetrakydroanthracens, tm. p. 102-103" (from light petroleum (b. p. 60-80") (Found: C, 60-6; H, 448 
Cyt yOHe requires C, 60-6, H, 47%, This compound (0-5 ¢ ) was heated under reflux for | hour with 
potasium hydroxide (0-15 g) in water ws é The diel recovered from ether had m. p. 162--163 
(from benzene) (Found: C, 784; H, 68 O, requires C, 78-5; H, 65% 

(i) 1 2-Dibyeroanthracene (10 ¢) was a a to a solution of lead tetra-acetate (24 ¢.) in acetic 
acid (400 ¢ ¢.) and the mixture was heated at 80-00° for | hour. The cooled sclution was poured into 
water, from which extraction with ether and recovery from the washed and dried ethereal extract gave 
an ot} «This was hydrolysed by being heated under refux (15 minutes) with potassium hydroxide 
(33 ¢) m ethanol (0) cc). Subsequent dilation with water, remova! of most of the ethanol, and 
recovery in ether afforded a mixture of cis- and trens-cdiols (111), which was separated by fractional 
crystallisation from benzene, the frans-form being the less soluble 

When a solution of the trans-dicl (ITT) (118 mg.) in pyridine (2 ¢.c.) was treated with acetic anhydride 
(06 ¢c.) and, after 12 hours at room temperature, was poured into iced water, the corresponding 
one m. p &5—-87" ‘from light "ee (b. p. 66-—80"))|, was obtained (Found. ©, 72-5; H, 62 

pss Tequires €C, 72-5; H, 60 Hydrolysis of this diacetate regenerated the trans-dicl, m. p 
a Poe and Levi, ioe. ot, record m. p 162° for the (+) hydrogenated metabolite (II) and m. p 
84° for its diacetate 

Rate of Omdation of cm» and trans-| | 2-Dihydrosy-1 2: 3: 4-tetrahydroanthracene with Lead T etra- 
acetate To a solution of the diol (43 mg.) in acetic acid (10 c.c. distilled over chromium trioxide) kept 
at 18-19 by immersion in a thermostat, were rapidly added 10 cc. of a standard solution of lead tetra- 
acetate, the time of addition being noted. At intervals, samples (1 c.c.) were withdrawn and ran into a 
potassium jofide sodium acetate baffer solution, and the liberated iodine was titrated against standard 
sodium thioewalphate. The results are given in the figure 

The ets-ched (111) produced an immediate change from blue to green; the trans-diol caused no change 
in the colour of potassium triacetylosmate 


We are indebted to the Department of Scientific and Industria! Research for a Maintenance Allowance 
to W. F. W) and to Professor Leslie Young for a sample of his reduced metabolite from naphthalene 
icro-analyses were carried out by Mr. J M. L. Cameron and Miss KR. H. Kennaway. 


Univessrry or Giascow Recewed, December 28th, 1949 
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186. An Infra-red Spectroscopic Investigation of Double-bond 
Structure in Simple Acyclic Terpenes and Derivatives thereof. 


By D. Barnarp, L. a A. J. Harpine, H. P. Kocu, N. Suprrarp, and 
. B. B. M. Suruertann. 

The infra-red spectra of twenty-five purified acyclic monoterpene compounds are described 
and discussed with particular reference to the tion and es of the double bonds. 
A semi-quantitative method for the infra-red wag ten ys 5 ot -groups ts outlined, 
and the present experimental results as well as those by Thompson aud Whitten are 
wterpreted on thes basis. Very strong evidence is obtained that naturally occurring acyclic 
jute tample caamnined by ws, the properton of the compute in group structure. In every 
purified sample examined by us, the pre compound in the ¢ yl form never 
exceeded 3%, and was usually my hee less of possibly mil. Classical oxidative degradations 
afford indecisive conclusions in this 

Some of the characteristic mes frequencies of alcohol, ether, and vinyl groupings are 
shown to be modined if they occur 10 an al vile ent enviroament 

The nature of “ gerany! chloride " as an anionotrapic mixture of primary with some tertiary 
halide has been established by infra-red analysis of the partly resolved fractions resulting from 
low-pressure distillation 


A SIMPLE unresolved structural problem in organic chemistry is the question of the position 
of the double bond in the terminal isepropylidene (1) or isopropeny!l (IJ) groups of 
acyclic monoterpenes and related substances (cf. Simonsen and Owen, ‘ The Terpenes,” 
Cambridge, 1947; Endeavour, 1949, 8, 26). On oxidative degradation, such compounds 
generally behave as if they were mixtures of (I) with a smaller and variable proportion of (II), 
but there is other evidence suggesting that the terpenes are structurally homogeneous and that 
the ambiguous results of oxidation must be attributed to partial rearrangement. .¢., Kuho 
and Roth (Ber., 1932, 65, 1285) found that the ultra-violet absorption curves of the two crystalline 
cis-trans-isomeric dehydrogeranic acids (III) were incompatible with the presence of some 30% 


CMe, CHR CHSCMeCH,R CMe CH-CHICH-CMeCH CO, 
1) (It) (in) 
CHCMe-CHyCHICH-CMeICH-CO,H CMe SCH-CHyCHyCMeICHX = CMe CH-CHyCH,-CMeiCH-CH,X 
IV.) (V.) (VL) 


of the less highly conjugated isopropenyl form (IV) which is required by ozonolytic evidence 
(Cahn, Penfold, and Simonsen, J., 1931, 3134; Kuhn and Roth, Joc. cit.). Recent chemical 
work on the two crystalline cis-frams-isomeric geranamides (V; X « CO-NH,) (Caldwell and 
Jones, J., 1946, 599), and the X-ray crystal-structure analysis of geranylamine hydrochloride 
(VI; X « NH,Cl) (Jeffrey, Proc. Roy. Soc., 1945, A, 183, 388; cf. Sutton, J., 1944, 306) also 
support the view that these crystalline acyclic terpene derivatives are homogeneous 
tsopropylidene compounds, and that much of the older chemical work purporting to prove the 
presence of tsopropeny! (I1) as well as tsopropylidene (1) end-groups is of doubtful value. 

Quite generally, the use of oxidative degradation as an unequivocal method of detailed 
structure diagnosis has become increasingly suspect during recent years (see, ¢.g., Clemo and 
Macdonald, /., 1935, 1204; Karrer and Bretscher, Helv. Chim. Acta, 1943, 26, 1758; Caldwell 
and Jones, loc. cit.; Young, McKinnis, Webb, and Roberts, /. Amer. Chem. Soc., 1946, 68, 203). 
Accordingly, physical methods of structure analysis are desirable, and the present paper is the 
outcome of work initiated five years ago after a study of crystalline geranylamine hydrochloride. 
The methods and conclusions are set out in detail below. Very strong evidence has been obtained 
for the absence of isopropeny! end-groups (II) from the structure of simple acyclic terpenoid 
compounds. At the same time, useful information has become available about the allylic 
isomerism of the second double bond in molecules such as gerany! chloride and its derivatives. 

Earher Spectroscopic Work.—-Unconjugated acyclic terpenes do not display characteristic 
high-intensity absorption in the range 2000-4000 a. (cf. Bateman and Koch, J., 1944, 600). 
Little significance can therefore be attached to the work of Savard (Bull, Soc. chim., 1929, (iv), 
45, 398) who examined citronellol, rhodinol, and geraniol in this spectral region where the low- 
intensity absorption is non-selective and excessively sensitive to traces of chromophoric 
mpurities. On the other hand, Kuhn and Koth’s interpretation of the high-intensity ultra- 
violet absorption curves of the fully conjugated dehydrogeranic acids (Joc. cit.), based on 
measurements by Hausser and Smakula, appears to be sound. Ultra-violet spectroscopical 
analysis of the structure of terpenes is restricted to the few special cases where conjugation occurs, 
and even there the sensitivity of the method is relatively limited. The application of Raman 
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spectroscopy was discussed and adversely criticised by Angus (/ndian Acad. Sci., Raman Jubilee 
Vol., 1035, 529); at that time instrumentation and physical accuracy were sometimes stil! 
imperfect, few if any pure standards were available, and the purity of the investigated terpene 
samples was not always rigorously controlled before and during irradiation, but the usefulness 
and reliability of Kaman data have now been firmly established (cf. Fenske ef al, Ind. Eng 
Chem. Anal. 1947,19, 700; Analyt, Chem., 1949, 21,12). At the same time, infra-red absorption 
probably offers advantages over the Raman method of vibrational spectroscopy in resolving the 
iopropeny!isepropylidene controversy. As a result of an enquiry from Sir John Simonsen 
Thompson and Whiffen (/., 1948, 1412) thus examined various samples of acyclic terpenes and 
concluded that “in general, the compounds examined appear to be mixtures of the two forms 
containing terminal tsopropeny! and tsopropylidene groups “ and that “ the proportions of the 
two forms vary in different cases, but it may be significant that in the majority the ssopropylidene 
type is predominant.’ No physical constants or other preparative details of their compounds 
were given, and the purity of some of their samples was known to be questionable. Thompson 
and Whiffen’s conclusions must therefore be regarded as preliminary and the authors 
themselves were aware of this limitation in concluding their paper with the remarks It is 
evident that this problem might repay a more detailed study using a larger number of 
compounds, particular attention being paid to the origin or method of preparation, and to 
freedom from oxidation or imparities."" With the aid of approximate extinction coefficients 
it will be shown that both their and our results are in fact incompatible with the conclusion 
that most of the compounds contained appreciable amounts (15—50°%,) of tsopropeny! end- 
groups as required by the evidence of oxidative degradation 

Physical Basis of the Present Analytical Method.--It has been amply established in recent 
years that the infra-red absorption spectra of olefinic hydrocarbon compounds are sharply 
differentiated according to the number and relative position (symmetrical or unsymmetrical, 
cis oF trans) of one or more hydrogen atoms directly attached to the unsaturated carbon atoms 
(Thompson and Torkington, Trans. Faraday Soc., 1945, 41, 246: Rasmussen and Brattain, 
|. Chem, Physics, 1047, 16, 120, 131, 135; Kilpatrick and Pitzer, /. Res. Nat. Bur. Stand., 1947 
88. 191; Sheppard and Sutherland, /., 1947, 1540; Proc. Roy. Soc., 1949, A, 196, 195; Amer 
Petroleum Inst Catalog of Infra-Red Spectrograms,*’ 1049 The following strong bands due 
to out-of-plane deformationa! modes of vibration of the olefinic hydrogen atoms always occur at 
or near the frequencies indicated, whenever the requisite structural groupings are present 
(Rk alky! or substituted alky! 


CHECCR’R 840 cr ( H,x RR SoC com 
ete CHECOCHR’ 6 CHYCHR 910 and 990 cm. 
trans CHECCHR ons 


No exception to these correlation rules has yet been found, although the A.P 1. catalogue alone 
lists some cightv unsaturated hydrocarbons Failure to absorb at any of the given characteristx 
frequencies is therefore proof that the corresponding grouping is absent; in particular, the 
presence of ssopropeny!l groups may be safely discounted when no absorption occurs close to 
800 cm.~' (at suitable path length Om the other hand, the appearance of bands at or near the 
given frequency positions does not necessarily indicate the presence of any of the above types o! 
double bond, since other vibrations of the molecular framework often happen to give rise to 
absorption in this spectral region. For example, n-octane, 3-ethylihexane, 3-methyl-3-ethy! 
pentane (A.P.1 mp. 4 and crystalline geranylamine hydrochloride (see below) display a 
marked absorption near 890 cm although the CH,-CRR’ grouping is certainly absent in these 
compounds In many case the suspected presence of a given type of olefinic structure can be 
confirmed by reference to the C=C stretching frequency near 1660 cm.-' (Sheppard and 
Sutherland, / ‘ 1047 Thompson and Whiffen. Joc. est CHREICR’R” gives rise to an 
infra-red band near 1470 cm.~*, but ¢ Hy RR’ and ¢ Ht HR absorb around 1645 cm." Her: 
again, however, some caution must be exercised in the assignment of weak bands which may 
occasionally represent overtones or combinations of lower frequencies; both cis- and trans-3 
methyl pent-2-ene, for instance, exhibit absorption between 1620 and 1660 cm.-', although they 
do not contain a terminal methylene group (A.P.1., op. cit The position may be summarised 
by stating that the absence of a particular double-bond structure im a hydrocarbon residue can be 
inferred with complete confidence from the absence of the characteristic infra-red frequencies at 
suriable path length, whereas additional evidence is sometimes required to prove the presence of a 
susPected grouping 

In order to estimate the composition of isomerc mixtures and to fix an upper analytical limit 
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of detection for the infra-red method, we must know the molecular extinction coefficients of the 
characteristic olefinic bands. It has been pointed out elsewhere (Sheppard and Sutherland, 
loc. cit., 1947) that both the characteristic hydrogen deformation and the bouble-bond stretching 
frequencies of CH,-CRR’ (¢.g., isopropenyl) groupings exhibit relatively much greater absorption 
intensities than do the corresponding frequencies of CHR°CR‘R” (¢.g., isopropylidene) groups in 
the pure compounds. The sensitivity of the infra-red method of detecting the very strongly 
absorbing isopropeny! groups can be estimated from the approximate molar decadic extinction 
coefficients of a representative number of pure compounds which have now been determined in 
dilute solution and are listed in the table below. 


Approx:mate infra-red extinction coefficients of isopropenyl and isopropylidene groups 
Frequency ¢ (litres.g.-mol.~* 
Compound Type. (em. em.~*) 
Geraniolene (mainly V; X « H tsoPropeny! soy 120 (im CC1,) 
a Lupene ! - SS) 150 
Lupeol * om S53 Que (in s,) 
ethy) t-l-en-4-one . i. ao5* 160° 
2:3: 3-Trimethylbut-l-ene ‘ Lit 155 (in CC oh) 
2: 4: 4-Trimethylpent-l-ene @ ao 155 
2-Methylpent-1-en-4-one oe " 1650 * oe 
2:3: 3-Trimethylbut-l-ene o 1640 20 (in C,H,,) 
2-Methylpent-2-ene pe aa 830 38 (in CS,) 
2-Methylbut-2-ene ; 1680 1 <¢ < 10 * (neat 
1 A pentacyclic triterpene hydrocarbon, C all. of known structure (see Experimental). * A 
pentacyclic triterpene alcohol, C,,H,,O, of known structure (see Experimental). * Taken from 
A.P.1. spectrogram (loc. cit., serial no 634). * Estimated from one single spectral run. According 
to Kletz and Sumner (/., 1948, 1456), the extinction coefficient of the isopropylidene C=C stretching 
frequency band in 2; 4: 4-trimethylpent-2-ene is about 0-35 times that of the corresponding iso 
propeny! absorption in 2: 4: 4-trimethylpent-l-ene 


Clearly, the extinction coefficient of the 890-cm.~' band of the isopropeny! group is much 
greater than that of either of the two characteristic tsopropylidene bands or the 1645-cm.~' C——( 
stretching frequency of the isopropenyl double bond. The relatively low value of ¢ observed in 
geraniolene can almost certainly be ascribed to the presence of structural isomers in this hydro- 
carbon (cf. Simonsen and Owen, op. cif.; Naylor, J., 1947, 1532), and the anomalously high 
value obtained for lupeol may not be reliable owing to the use of a different cel! in this case 
(see Experimental). Whether or not the 890-cm.~' band extinction coefficient of the isopropenyl 
group remains strictly constant in different compounds (cf. Thompson and Whiffen, loc. cit. ; 
Anderson and Seyfried, Analyt. Chem., 1948, 20, 998), it is evidently always high, and quite small 
amounts of tsopropeny! groups could not escape detection by the infra-red method, Avs little as 
1%, of the hypothetical isopropeny! form of a simple terpene, for instance, would give rise to 
about 10°, absorption in a 0°05-mm. path-length of the isomeric mixture 

According to the evidence of chemical oxidations provided by Grignard and his school, 
most acyclic monoterpenes contain 156-—50°%, of the isopropeny! isomer admixed with an excess 
of the tsopropylidene form (see Simonsen and Owen, op. cit.). On the basis of the above 
extinction coefficients, more than 70°, absorption should then be displayed at the 890-cm.~' band 
when the spectrum is examined through a conventional path-length of 0°05 mm. of the liquid 
monoterpene. In actual fact, however, the absorption generally appears to be at most 10%, of 
this, both in our own purified samples and in those examined by Thompson and Whiffen 
(particularly their citronellol “ B,” geranamide, citral, linalool, and dibydromyrcene * A "’). 
Contrary to first impressions, therefore, Thompson and Whiffen’'s published data also indicate 
that the chemical evidence is in many instances altogether unreliable, and that many of the 
acyclic terpenes are almost, if not completely, homogeneous isopropylidene structures 


EXPERIMENTAL. 

Most of the infra-red spectra were measured with one of two Hilger D 209 spectrometers: one at 
Cambridge was employed under double-beam conditions (cf. Sheppard and Sutherland, doc. ett., 1947), 
and the other at Welwyn was employed as a single-beam instrument in an exhaustively a 
(humidity below 5% eo) - by on in the mont of the extinct “| region was 


elsewhere (Barnard, Fabian, and Koch, /., 1949, 2442). The effective 

at 890 cm, and 7-—10 cm. at 1650 cm. A fixed absorption cell (within a very small 

1 mm. thick) was used for all extinction measurements, except in the case of lupeol which was investi- 
gated in a 0-25-mm. cell at higher molar dilution. The liquid terpene samples were studied as films from 











918 Barnard, Bateman, Harding, Koch, Sheppard, and Sutherland : 


005 to o1 mm. thick between sxliam chloride plates, and the crystalline samples 
* Nujol as well as in solution as indicated. The c ial les of the various terpenes were 
from Messrs. Boalie Roberts & Co, except when otherwise specified. All liquid compounds 
were freshly destilied and either examined immechatety or kept sealed 1 cacuo between distillation ton and 
spectrograph examunation f 

Compounds used for Eatinction-coeficvent M ts The of c (mainly V; 
X = 1) was that described by Dr. KR. P. Naylor elsewhere (ee eit). a ——- and lupeol were = 
crystalline samples gtven to us by Profesua E "R H. Jones icf. Heilbron, Kennedy, and Spring. / , 

329, Jones and Meakins, /, 1061, 767}. Pure 2: 3: 3-trimeth lene was prepared by Oe! J. 
Bolland by dehydration of 2. 3 3-trimethyibatan-2-ol obtained 

acetone, and 2:4. 4trimethylpent-l.cne was a specially distilied 

Chemical Industries, Limited, through Dr AG. Evans Dehydration of 2-methylpentan-2-ol with iodine 
afforded a muxture of 2-methylpent-2-ene with 2-methyipent-l-ene which gave the following fractions 
after distillation through a column packed with Dixon copper gauze (23 t ical plates): (i) b. p 
643-660" (754 mm. (70 g.) (25%, of 2-methylpent-l-ene); (u) b. p. 66-0-—66-4°/754 mm. (70 g) (10% of 
2-methytpent-t-ene); (ii) b “66506-6951 mm. (37 g.) (3% of 2-methylpent-l-ene); (iv) b. p 
66-6" (751 mm. (3-5 ¢.) (6-2% of 2-methylpent-l-ene). Fraction (iv) was used (the isomer contents in this 
preparation, which was made by Dr J 1 Cunneen, were established by infra-red  enalyeie) 2-Methylbut- 
2-ene was similarly prepared by Dr. A. W. Kenchington from 2-methylbutan-2-ol, and had »{** 1-3908 
(2-methylbut-l-epe content, &1%,) 

2 Methyihe pt-2-en-6-ome (VI A commercial sample from Messrs Boake Roberts & Co. aflorded 
a solid semicarbazone only with considerable difficulty, even after fractionation (boiling range 50— 
70°/12 mm; refractive index range »}}* 1-4562—1-4430). A similar sample from Messrs. Hopkin and 
Williams Ltd. distilled over a much smaller range (56-—57°/12 mm.; »})* 1-4625) and gave a good yield 
of solid semicarbazone from aqueous alcohol. The pure derivative was obtained in the form of colourless 
needics, m p. 135-5136" (hit., ca. 135°), after repeated crystallisation from benzene-light petroleum 
(> p 680°). Spectroscopically and otherwise identical ketone samples were obtained by regeneration 
from this semicarbazone by(a) steam-distillation with phthalic anhydide, or (6) prolonged cold treatment 
with 2n-sulphuric acid aad hght petroleum P 6"). Pure 2-methythept-2-en-6-one has b. p 
5s°/12 mm., “-* 1-4414 (we are indebted to L. Morris for these rations). Another specimen 
was obtained directly by alkahne cleavage of choral commercial grade), followed by simple fractionation 
b. p 66-66-5°/16 mm. ; sf? 1-4420) , it exhibited a spectrum indistinguishable from that of the products 
obtained as above from the pure semicarbazone 

2-Methythopt-2-enm-6-ol (VIII). The above ketone was reduced with aluminium ise propoxide in 
sopropy| alcohol to give the corresponding alcohol as a colourless, slightly viscous liquid, b. p. 76-5 
TT’ 14 mm., wh)? 14515, aff 148i 

Cotromeliol 3. T-demethyloct-t-en-L-ol) (1X Commercial citronellol ("CC and “QO” grades) is a 
complex mixture. (On fractionation through a 14-plate column under reduced pressure, “ € ' grade was 
found to consist largely of material possessing almost exactly the b. p. (113-5—1142°/14 mm.) and 
refractive index (»#}} 1-461) attributed to pure citronellol (Simonsen and Owen, of. cit “QO” Grade 
appears to be more heterogeneous After neglecting a small fore-run, the following fractions were 
collected in approximately equal proportions: (i) b. p. 100—112°/17 mm_., wf! 1-4498; (ii) b. p. 112- 
113-6°/17 mm., wif 1-4535, (ia) b. p. 113-6-—115°/17 mm., wf 1-4508; (iv) a dark residue, 14680 

Rhodimol (1% The matin bulk of a a aa ame le had b. p. 117-118" 20 mm., sf 1-4660 

Cibromellal (3 T-dimethyinct-6-en-1-al . Practionats m of the commercial product yielded 
a considerable amount of low-boilng material vk a main fraction, b. p. 894)—89-5/17 mm., a? 1.4500. 

Citronellal semicarbarome (XN; XN @ N*NH-CO-NH,). This was prepared from the above purified 
aldehyde according to the directions of Tiemann and Schmidt (Ber, 1897, 90, 34) and had m. p 8245 
after three crystallisations from hght petroleum (b. p. 60—-80°) 

Geramol (3 | T-dumethylocta-trans-2 . 6-dien-1-ol) (VI: X OH). A commercial sample, purified ia 
the calcium chloride adduct, had b. p. 114°/13 mm_, s}f 11-4782. Another sample was specially prepared 
from the crystalline diphenvilurethane (see below) which was decomposed in the usual manner, the last 
traces of admixed dy — lamine being removed chromatographically on alumina (geramwl was more 
strongly adsorbed his specimen distilled at 110° /12 mm., had s}! 1-4806 (tree from diphenylamine 
accordmg to the ultra-violet light absorption test The two geramol samples displayed identical infra-red 
epectra 

; Nerol (3: 7-dimethylocta-cis-2 : 6-dien-1-ol) (V1; X «© OH). This alcohol was prepared in a pure 
state by extensive fractional crystallisation of the diphenylurethane mixture obtamed from a commerical 
sample after 2 treatments with excess of calcuum chloride. The final diphenylurethane (sce below) was 
decomposed! un the usual manner, and the regenerated alcohol freed from diphenylamune (ultra-violet light 
absorption test) by distillation and chromatography on alamina. This sample had b. p. 105°/12 mm., 
wh} 1-4785 (tetrabromide, silky needles, m. p. 11 118 Another specimen (n}f 1.4749), kindly given 
us by Messrs CIDA Ltd of Basle, and said to contain a small proportion of geraniol, exhibited similar 
infra red absorption 

ln phenviurethanes of gevaniol and werol (VI; X O-OC'NPh,). These well-known derivatives (cf 
Simoosen and Owen, of. co.) formed a continuous series of mixed crystals of space group C. 2c. We are 
imdebted to Dr. G. A. Jefirey for the following crystallographic data 











Unit cell dimensions in a 
———EEEEee —_—— — = 
Alcohol basis of derivative 4 d iC a Vol. im a.*. 
Pure geranial ~f 30-26 631 24-20 7 4126 
Mixture M we 637 23.87 4055 
Mixture N a2 -& wot oa 23.67 ao 
Pure nerol 5 29-06 6) 23-55 “ 4011 
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Geranamides | and 11 (trans and cis-V; X = CO-N Bag my by 
compounds is fully described elsewhere (Caldwell and Jones, and Bateman, following 


). 
 Digeranyt (2:6 11: 15-tetremethythevadeca-2 : 6:10: 14-tefrarme) (XI) and isodigerenyd (XV) 
are described elsewhere | 


and Bateman. paper). 

I yl ether (X11) (b. p. 152° /%1 mm. 14846). This was by Dr. R. FP. Naylor (/., 
1949, 2724) by interaction of geranyl chlonde wi peed. ayo; ve of geraniol in ethereal solution 

Homogeranic acid (VI; X = CO, isohomogeranic acid (XIV; X ~ CO,H). These and their 
respective amides are described elsew 

Geranylannne hydrochloride : T-demethylocta-trans-2 6-diewe bh ide) (VI; Xo 
= This compound, . . described by Sutton (los es Sew Pe. out.) 

- ; X = OH). Two commercial samples of different 
botanical origin (Bois de Rose and Bergamot) yielded on fractionation an identical main constituent, 
b. p. 86°/14 mm., nlf 1-4630. 

Geranyl elovite - and XIV; X = Cl). This was prepared from geraniol as described elsewhere 
(following uid bowing over the range 45-—70° 0-2 mm. constituted 90% of the — yield 
This was ee cemeted nrough a 30-cm. Vigreux column and separated into the followmg = aoe 
fractions (Calc. for C HC Cl, 20-56%): (i) ‘.. 40-—45° 0-2 mm., »ff 1-4710 (Pound a 20-3 
(ii) b. p. 45—47-5° osm , SB 14738 (Pound: Ci, 20-46%); (iii) b. p. 47-5—52°/0-2 mm, aff atte 
(Found : Cl, 20-5%); dw) b. p. 52—53° o-2 mm, sf 1-4797 (Found : Cl, 20-56%) 


ResuLts ann Discussion. 


The infra-red absorption curves of most of the compounds investigated are presented in the 
accompanying diagrams, and others are more briefly described in the course of the discussion. 
A summary of the observed group frequencies is also given in tabular form. In comparisons of 


Group frequencies (cm.~*). 
(? signifies uncertain structural correlation; w, weak band; —, band absent. The usual CH, and 
CH, bands near 1450 and 1375 cm.“ are not shown.) 
CO of 
CH,CR, CHRICR, CHYZCHR. CH, CGO 
Methylheptenone VIL . slo 730 1720 
Methylheptenol (Vv - , 1670 2008, 9000, 745 1120 
71645 w 

Citronellol (rhodinol ) m9 , 1676 HOSS 
Cytronelial (XA; X- } ? q , 1675 1720 
Citronelial semicart- (X 

azone 
Geraniol 1 he. } f 4 , 1670 ole 
Nerol iV X = : - , 1670 Iolo 
Geranamides (cS, (Vv 

solution) 
Dumethyloctadiene (VI; X = ? q - , 1678 
Dihydromyrcene (VI; X = . 1678 


Geramolene vis a , ee 
Dagerany! ) 7885 w, , 1670 
Digerany! ether (xX ? . , 1668 5 ~1080 
Homogeranic acid r ; 
Homogeranamide (VI; 
Geranviamine hydro- ‘1; X=wWN , 1670 
chloride 


Gerany! chioride 


Linalool 


tsoDigeranyl XV 


1415, 1642 
isoHomogeranamide (XIV; X «~ CO-NH, . . 920, 1005 


spectroscopic estimates for the maximum percentage of tsopropeny! groups with deductions 
from chemica! work, the latter valaes have been taken from the review by Simonsen and Owen 
(op. cit.). 
CMe CH-CH,CH,CO-CH, CMe SCH-CH,CH,CH(OH)-CH, 
(VIL) (VIL) 


CMeSCH-CH yCHyCHMeCHyCHyOH CMeeCH-CH,CHyCH Me-CH,CHiX 
(1X) (X.) 
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Analysis of isoPropenyl Growps.—Methylheptenone (VII) and methylheptenol (VIII) are 
important degradation products of citral and geranio! respectively, and may be regarded as 
based on a common end-group structure of many simple acyclic terpenes. The infra-red 
spectra (Pig. 1) of both these simple compounds showed absence of absorption at 890 cm.~', so 
that no more than a fractional percentage of isopropeny! groups could have been present in the 
samples examined (see Introduction, p. 917). 

Two commercial samples of the simplest terpene alcohol, citronellol (IX), were rather impure, 
but one of them ("C” grade) furnished on distillation a main fraction possessing physica! 
constants identical with those given for the pure carbinol by Simonsen and Owen (of. cit.). This 
purified material, similarly to Thompson and Whiffen’s citronellol “ B,” exhibited (Fig. 1) a 
weak band at 885 cm.~', accompanied by slight absorption near 1645 cm.~', so that a trivia! 
amount (approximately 2% as estimated from the 885-cm.~' absorption) of the isomer containing 
the terminal ssopropeny! double band may have been present. It will be shown below, however, 
that even this low proportion of terminal double bonds (if real) probably originated in some 
foreign impurity. Chemical evidence suggests that some 18-—28% of the citronellol molecules 
exist in the tsopropenyl form. A nearly identical spectrum was displayed by rhodino! (citronellol 
from a different source); a distinct enhancement of the characteristic ssopropylidene double-bond 
absorption was almost certainly due to the presence of a smal! amount of the more highly 
insaturated geraniol 

A commercial sample of citronellal (XN; X ©) gave a spectrum very similar to that 
recorded by Thompson and Whiffen. This is compatible with the presence of some 5%, of 
isopropenylic isomer or extraneous impurity: oxidative degradation indicates an isomer 

ontent of 40°,. More significantly, the pure crystalline semicarbazone of this aldelyde 
(X; X «= N'NH-CO'NH,) displayed (Fig. 1) less than 5% absorption between 860 and 910 cm.~' 
in a path-length affording 30°, absorption at the characteristic §40-cm.' band of the 
opropylidene group, an approximate calculation on the basis of these figures shows that the 
semicarbazone contains even leas of the isepropeny! form than is allowed by the spectrum of 
purified citronetiol (1.¢., less than 2%). Far from being an inseparable mixture of appreciable 
amounts of both isopropenyl and ssepropy lidene isomers as may be deduced on chemical grounds 
sce Simonsen and Owen, of. cvt.), citronellal semicarbazone evidently exists in the homogeneous 
opropylidene form (cf. Harries, Annalen, 1915, 410, 1 

Differing from Thompson and Whiffen, we found that geraniol (VI; X « OH), purified in 
the usual manner ria its solid adduct with calcium chloride, displayed (Fig. 1) no absorption 
peak near 1645 om."', and only a small band at 890 cm.~* (less than 1°, of isopropenyl form 
present The stereoisomeric nerol, regenerated from the diphenylurethane derivative, was 
similar in this respect (see Fig. 1). Oxidative data suggest the presence of over 20%, of the 

sopropeny! isomers in these alcohols. Infra-red analysis of various chemical derivatives of 
geraniol, nerol, and the corresponding aldehydes, citral 4 and 6, also supports the conclusion 
that the original alcohols are free from tsopropeny! groups. Thus both the solid and the solution 
spectra of the two stereoisomeric geranamides (V; X CO*NH,) (see Fig. 2) are incompatible 
vith the presence of more than 3%, of this structural grouping. The dimethyloctadiene (VI 
X H), obtained by sodium-—liquid ammonia reduction of geraniol, cannot contain as much as 
2%, of the ssepropeny! isomer according to the spectrum already reported (Sheppard and 
Sutherland, Joc. cf., 1947; Thompson and Whiffen, Joc. cit.), and the synthetic “ double 
molecule ” digerany! (XI) has now been found to display closely similar absorption (Fig. 3). 
Again, the intensity of the band at 887 cm.~ in the spectrum of synthetic digeranyl ether (XII 
see Pig. 3), if attributed to ssopropeny! structures, limits their proportion to 3% of the total 
end-groups present 


CMe SCH CH yCHyCMeCH-CH,), CMe CH-CHyCHyCMe(CH-CH,),0 
NI (X11) 


Crystalline geranylamine hydrochloride (VI; X NH,C1) is notable in showing very strong 
absorption at 588 cm.~' (see Fig. 3) although the presence of the hypothetical isopropeny! 
womer has been excluded by Jeffrey's (/ec. at.) complete X-ray structure analysis. The 
readily crystallised homogeranamide (VI; X «— CO-NH,) also exhibits a rather large band in 
this spectral region (see Fig. 2), but this again cannot be attributed to the presence of isopropeny! 
groups since the corresponding liquid acid (VI; X — CO,H) from which it was made showed no 
such absorption. 

Elimination of the ~CH,-OH grouping from geranio! results in the isopropenyl structure 
(Vv: X « HM), which is the main constituent of geraniolene. The intense 890-cm.~' absorption 
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of this hydrocarbon has already been referred to im the table of extinction coefficients (p. 917), 
as weil as in the earlier paper by Sheppard and Sutherland (Joc. cit., 1947). A strong band at 
890 cm." is also known to occur in the spectrum of “ dihydromyrcene " obtained by sodium- 
Fic. 3 ethanol reduction of natural myrcene (Shep- 
pard and Sutherland, loc. «#.; Thompson and 
Whitien, joc. cit.), where it arises from the 
e¢ of 2-methyl-6-ethylhepta-2 : 6-diene 

(XIII) (cf. Simonsen and Owen, of. cit 


CMe CH CH, CH, CECH, 
XII) 


CMe SCH-CH,CH,-CMeX-CHICH, 
(XIN 


Finally, we have failed to detect any sign 
of §90-cm.~' absorption in samples of linaloo! 
(XIV; X<— OH) from two different natural 
sources (see Fig. 3) (cf. also Thompson and 
Whiffen), so that this terpene alcohol is un 
questionably more than 99°, homogeneous in 
the isopropylidene form 
It is clear from the above approximately 
quantitative infra-red characterisation of puri- 
fed samples of methylheptenone, methyl 
heptenol, citronellol, citronellal semicarbazone, 
geraniol, nerol, linalool, the two stereoisomer« 
geranamides, and certain other synthetic deriy 
atives of geraniol, that none of these substances 
could possibly contain more than 23% of the 
hypothetical isopropeny! isomers, and some of 
them certainly contain considerably less. Much 
of the older chemical evidence indicating the 
presence of 15-60% of such isomers must 
therefore be deemed unreliable. Furthermore, 
since certain authentic non-isopropenyl com- 
pounds display absorption in the 890-cm.~' 
spectral region, it would seem reasonable to 
extrapolate most of the observed maximum 
permissible isomer percentages to zero, and to 
conclude that tsopropeny! end-groups do not 
occur at all in natural acyclic monoterpenes but 
are confined to the cyclic series (¢.g., limonene) 
where the different structural conditions can 
reasonably be expected to stabilise the iso 
propenyl relative to the tsopropylidene forms 
4 . 4 Analytical Significance of Chemical Purific- 
> as oo tion During the preparation or isolation of 
Wave-/engths(cm™”) terpenoid substances for infra-red analysis of 
the ssopropeny | isomer content, two interrelated 


M The 3 io coll}. XN »Diger j 
Drgevamys (%1 Scena tnoDigeran) problems arise and will be considered in this 


RV) (OL ew col O, Digerany! ether (X11 
O-l-aom. cell P. Geranylamine Avdrochloride Section how far the presence of terminal 
trans VI X NHC (i “ Nujol”) Q, double-bond absorption at 890 and 1645 cm.-! 
ero XIN i. x on a. -— i * may be attributed to a foreign impurity other 
‘ . ’ ‘ 
~ . sw wetigs « ™')* than the isopropenylic isomer to be detected 
f »>COH; ¢ and A -CHICH,; i CCH: 

4 Eo and how far on the other hand the isomer in 
question may escape detection owing to its 

previous removal as an impurity " during a rigorous purification. 
Experience with such relatively low-boiling ssopropylidene-ssopropeny! mixtures as that of 
2-methylpent-2-ene with 2-methylpent-l-ene (see Experimental) shows that even with the use 
of modern packed laboratory fractionating columns it would be extremely difficult to achieve 
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effective separation of terpenoid isomers of this type in a single distillation. Except for 
citronellol, all terpene samples for infra-red examination were distilled in ordinary Vigreux or 
spiral columns, and hence there can be no question of the possible removal of tsepropeny! forms 
during distillation. In particular, the methylheptenone obtained directly by alkaline cleavage 
of commercial! citral followed by simple fractionation through a short Vigreux column proved 
constant-boiling and spectroscopically identical with a special sample regenerated from the 
pure crystalline semicarbazone. The reported homogeneity of this ketone must therefore refer 
to the entire bulk of the material prepared from natural sources, and not only to some c 

isolated fraction of it. The same conclusion applies to our samples of linalool which had been 
ordinarily distilled without passing through a crystalline derivative, and also to geraniol isolated 
from the calcium chloride adduct; the spectrum of the latter alcohol was identical with that of a 
special sample regenerated from the crystalline diphenylurethane. The same calcium chloride 
method had been used in the purification of the geraniol which behaves on oxidation as if it 
contained some 20% of the isepropenyl isomer. Similarly, it is the crystalline citronellal 
semicarbazone of sharp melting point identical with that of our own homogeneous sample which 
affords ambiguous results by chemical degradation. There can be no doubt, therefore, that the 
samples investigated by us are truly representative of the compounds described in the chemical 
literature. 

As already indicated, some trouble was experienced in obtaining reasonably pure specimens 
of citronellol from commercial sources; similar difficulties were evidently encountered by 
Thompson and Whiffen who have published spectrograms for two different grades of citronellol 
revealing different absorption intensities at the 890- and 1645-cm.“' bands. In view of the rather 
wide boiling and refractive index range of our crude samples (which also displayed somewhat 
strong absorption at these characteristic frequencies), we believe foreign impurities possessing 
terminal double bonds rather than the isopropeny! isomer of citronellol to have been present. 
The main citronellol fraction selected as a representative sample of the pure compound had very 
low terminal double-bond absorption and physical constants identical with those given for pure 
citronellol by Simonsen and Owen (op. cit.). 

In their specimens of dimethyloctadiene (VI; X =< H) obtained by the sodium-—liquid 
ammonia reduction of geraniol, Thompson and Whiffen suspected the presence of an impurity 
containing viny! groups, CHR°CH,, because variable infra-red absorption occurred at 910, 990, 
and 1645 cm.-*. In our own pure samples of this hydrocarbon (cf. Sheppard and Sutherland, 
loc. cit., 1947), 910-cm.~' absorption was always small, and there was never any sign of 1645-cm.-+ 
absorption which would be required by the presence of either vinyl or isopropeny! groupings. 
We see no reason to doubt, therefore, that chemically pure dimethyloctadiene from geraniol is a 
structurally homogeneous compound; on the other hand, it is possible and indeed probable 
that viny! groups may be formed on autoxidation, which may account for the variable 910-cm.* 
band intensities reported by Thompson and Whiffen. 

Terpenoid Compounds containing Vinyl Groups.—The spectra of all the substances hitherto 
described exhibit certain common characteristic frequencies due to the presence of methyl 
(1370-—1380 cm.~), saturated methylene (1460 and 735-745 cm.-'), and isopropylidene or 
other CHRICR’‘R” (825-845 and 1665—1675 cm.~') groupings. Additional strong bands at 
925, 997, 1415, and 1645 cm. arise in the spectrum of linalool (XIV; X « OH) (Fig. 3) where a 
vinyl group is present. The particularly intense 925- and 997-cm."' absorptions obviously 

nt the out-of-plane viny! C-H deformation frequencies which are normally found nearer 
910 and 990 cm.~* in hydrocarbons. We have been able to observe similar band displacements 
in a variety of other allylic functional derivatives of vinyl hydrocarbons (see also below), Asa 
general rule, in a molecule CH,;CH*CRR’X, where R may be either hydrogen or alkyl, but X 
represents a functional group, the 908—913-cm.“ hydrocarbon frequency is increased to 918— 
$30 cm.“ (cf. Thompson and Torkington, Trans. Faraday Soc., 1946, 42,432; Bateman ef al,, J., 
1950, 936), whereas the 990-cm.~' frequency remains more or less constant when R « R’ = H, 
but is increased to 995-1005 cm.~, even in hydrocarbons (X = RK), when the saturated carbon 
atom is fully substituted. The latter effect may be explained in terms of increased electron 
density at the nearer viny! carbon atom resulting from the extensive substitution (cf. Sheppard 
and Sutherland, loc. cit., 1949), but the reason for the marked shift in the 910-cm.~' frequency is 
not at present understood. The 1415- and 1645-cm.~ bands in the linalool spectrum are normal 
characteristic frequencies of viny! groups in hydrocarbons, being associated respectively with 
an in-plane deformation of the terminal methylene group and the stretching of the double 
bond 


When the hydroxy! group of linalool or geraniol is replaced by halogen, the same halide is 
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formed which is not constant-boiling (cf. Ruzicka, Hele. Chim. Acta, 1923, 6, 499; Sutton, lx 

ett.) and has frequently been suspected of consisting of an amionotropic mixture of (VI) and 
(XIV; X « Hal) (et., e., Karrer and Helfenstein, Hele. Chim. Acta, 1930, 14, 7%), although 
positive proof of structure has never been obtained. These compounds are generally referred to 
simply as“ gerany! halides. In view of the practical and theoretical interest of the structural 
problem, we have carried out a careful low-pressure fractional distillation (bath temperature 
< 10°) of freshly prepared gerany! chloride and subjected the resulting four fractions to immediate 
infra-red analysis, The experiment clearly shows that geranyl chloride as originally obtained 
is mainly (VI), with a small proportion of the lower-boiling tertiary form (XIV). Allylic 
chiorides of this type exemplify those moderately mobile anionotropic systems in which the 
isomeric constitution of the isolated product is governed both by the nature of the reaction 
introducing the mobile atom or group and by the facility of isomeric interconvertibility under 
the conditions of reaction and isolation (Catchpole, Hughes, and Ingold, /., 1048, 8) 
Comparison with simpler allylic halides (/oc. cit.) indicates that the linaloyl isomer occurs in 
ordinarily isolated “ gerany! chloride “ to considerably greater extent than its thermodynam« 
equilibrium proportion (ea. 1%), and in agreement with this fact prolonged heating at a 
moderate temperature (ca. 60°) gives a more homogeneous product. 
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The spectra (Fig. 4) of the first and last fractions from the distillation of gerany! chloride are 
recorded in the figures The highest-boiling fraction consists essentially of the primary chloride 
VI}, with strong absorption at 845 and 1665 cm.~', but the sinall band at 925 cm.“ and the 
shoulder at 1645 cm.“ indicate the presence of traces of tertiary chloride incorporating a viny! 
group in the molecule. In the successively lower-botling fractions, the §45- and 1665-cm.~'-band 
strengths become gradually reduced, whereas the 925- and 1645-cm.-' bands are greatly 
intensified; at the same time, existing strong absorption at 988 cm.’ acquires additional 
mtensity, and a new peak appears at 1415 cm.’ rhe interpretation of these changes in terms 
of increasing relative amounts of tertiary chloride incorporating the vinyl group is obvious. 
Other intensity changes occur simultaneously with those of the characteristic bands ; in particular, 
the primary gerany! form appears to be associated with very intense absorption at 1255 cm.~', 
and the tertiary linaloy! form with a similarly strong band at 1080 cm.~'. In view of the 
markedly different extinction coefficients of vinyl and trialkyl-substituted types of double bond, 
the spectrum of the lowest-boiling fraction indicates that even here the higher-boiling geranyl 
form predominates. It may be noted that the usual 910-cm.~' frequency of the vinyl group is 
again displaced to 025 cm.'; in ally! chloride itself, we observed the characteristic vinyl 
frequencies at 930, 985, 1415, and 1645 cm."' 

I'wo structurally isomeric hydrocarbons are produced during the coupling reaction of geranyl 
chloride over magnesium (Barnard and Bateman, /., 1950, 932 The straight-chain digeranyl 
XI) (with a wery small band at 908 cm." probably due to a trace of the isomer) has 
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already been referred to above; the structure of the branched-chain tsodigerany! (XV) is clearly 
characterised by intense viny! absorption peaks at 908, 998, and 1642 cm.-*, as well as a smaller 


CMe, CH-CH,CH,-CMe(CHOCH,) CH, -CHCMe-CH, CH yCHCMe, 
(XV) 


band at 1415 cm.~* (Pig. 3). The slight but significant increase in the usual 990-cm.~' frequency 
of the vinyl group to 998 cm.~ in this hydrocarbon can probably be attributed to the inductive 
effect of the three alky! substituents at the adjacent carbon atom, as suggested above. +seHomo- 
geranamide (XIV; X = CO-NH,) similarly displays vinyl absorption at the displaced 
frequencies of 920 and 1006 cm.~* (Fig. 2). 

Stereoisomerism.—In accordance with certain chemical evidence (Simonsen and Owen, of. 
cit.) and the known structure of the derived amine hydrochloride (Jeffrey, loc. cit.), geraniol 
(VI; X = OH) is believed to be the trans-isomer * with respect to the ambiguous configuration 
of the double bond adjacent to the primary alcohol grouping. The stereoisomeric nerol (cis-VI ; 
X = OH) shows only minor differences of infra-red absorption, as might be expected from the 
general similarity of the two structures. The same kind of ¢ts-frans-isomerism about a 
trisubstituted ethylenic linkage exists in the two 3-methylpent-2-enes where, again, relatively 
little, but nevertheless distinct, differentiation of infra-red spectra has been reported (A.P.1., 
op. cit.). We have also observed slight differences of infra-red absorption between the two 
isomorphous crystalline diphenylurethanes of geraniol and nerol, The cts-trans-isomeric 
geranamides (V; X = CO-NH,) were crystallographically distinct from each other (Dr. G. A. 
Jeffrey, private communication) and the accompanying diagrams show that their infra-red 
spectra were more highly differentiated for the crystalline substances than they were for solution. 

C-O Frequencies of Terpenoid Alcohols.—It appears to be generally true that saturated 
primary, secondary, and tertiary aliphatic alcohols display intense absorption at 1040—1080, 
1100—1130, and 1160-—1200 cm.“ respectively (cf. A.P.1., op. cit.; Sexton and Britton, J. Amer, 
Chem, Soc., 1948, 70, 3606), arising from the stretching vibration involving the C-O bond. The 
strong bands of the primary citronellol (IX) at 1055 cm. and of the secondary methylheptenol 
(VIII) at 1120 cm. are in line with this classification, but the characteristic frequencies of the 
allylic alcohols geraniol and nerol (VI; X « OH) at 1010 and of linalool (XIV; X = OH) at 
1115 cm.-' are below the range assigned to their primary or tertiary class. Since ally) alcohol 
itself exhibits a similar shift of the alcohol band to 1027 cm.~* (Thompson and Torkington, Joc. 
cit., 1946), these low-frequency displacements appear to arise from the presence of the double 
bond in the allyl position and may be associated with a lowering of the force constant of the C-O 
bond in allylic environment. The characteristic ether absorption of digerany! ether (X11) near 
1080 cm.~' likewise occurs below that commonly observed above 1100 cm.~ in saturated primary 
ethers, and the displacement may again be ascribed to an allylic structural effect (for comparative 
data, cf, Barnes et al., Ind. Eng. Chem. Anal., 1943, 15, 659). 


The infra-red measurements were initiated at Cambridge, later continued by courtesy of the Directors 
at the Research Department of Messrs. Im Chemical Industries, Ltd. (Plastics Division), where 
facilities were kindly provided by Mr. H. A. Willis, and finally completed at the B.R-P.R.A. laboratories 
with valuable assistance from Miss J. M. Fabian. The work described forms part of a ramme of 
fundamental research undertaken by the Board of the British Rubber Producers’ R Association 


(D. B., L. B., anv H. P. K.) Barrisn Ruseer Propucers’ Reszarcn Association, 
48 Tewiw Roap, Wetwys Garpew Crry, Hers. 
(A. J. H., N.S, ano G. B. B. M. S.) Laponatorny oF Cottotp Scrence, 
CAMBRIDGE. (Received, September 16th, 1949.) 


* We have oe oe al convention recently recommended by the Nomenclature Committee 
of the American C i jety (Chem. Eng. News, 1949, 27, 1303), according to which geraniol is 
derived from trans-octadiene and should therefore be formulated as 3: 7-dimethylocta-trans- 
This convention seems both logical and in y with the universal practice of 
describing the two stereoisomeric polyisoprenes rubber and gutta-percha as c¢is- and trans-isomers 
respectively. Unfortunately, some confusion exists in the literature as many authors (¢.g., Si 
Owen, op. cit.; Caldwell and Jones, loc. cit.) have rather arbitrarily referred to geraniol and its derivatives 
as cis-isomers. 
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187. Experiments relating to the Synthesis of Homogeranic Acid. 
By D. Bamwarp and L. Baremay. 


Homogerante acid (1; X « COM) is obtained only in poor yield from geranoyl chloride 
bry the Arndt -Eustert synthesis, and the production of the corresponding cyanide from gerany! 
chiorkle and cuprous cyanide is similarly inefficient. However, a novel and general method for 
synthesising allylic cyanides, wis, ally! halide —> allylmaloni ester ——> e-oximinoallylacetic 
acki —~—» allyl cyanide, renders geranyl cyanide, and thence homogeranic acid, readily 
accessible. |- and 3-Methylally! cyanide and the hitherto difficultly obtainable cinnamy! cyanide 
have been prepared from the respective chlorides by the above method. The product from 
the condensation of I-methylally! chloride with sod } ester cont a small proportion 
Of S-methylallyimalomse eater; the relation of this find to the S»2’ mechaniam of allylic 
halide replacement (Hughes, Trans. Faraday Soc., 1938, 185) is discussed. 





ALTHOUGH no previous attempt to apply the Arndt-Eistert process 
RCOH —-> ROCOC] —» R-COCHN, — > R-CH,CO,H 


to aliphatic «4-unsaturated acids is on record, the successful conversion of several aromatic 
acids into substituted acetic acids and of an alicyclic Sy-unsaturated acid into the corresponding 
y*-unsaturated acid by this method (“ Organic Reactions’, Wiley and Sons, N.Y., 1942, 
Vol, 1, pp. 38 ef seg.) gave reason to believe that the synthesis of homogeranic acid (1; X = 
CO,H) from geranic acid (Il; X « OH) could be realised without difficulty. 

The first intermediate, geranoy! chloride (11; X = Cl), has not been described hitherto, 
but is readily prepared in good yield from the acid and thionyl! chloride in the presence 
of pyridine, if particular care is exercised in purifying the thiony! chloride. Interaction of 
(11; X = Cl) with aqueous armmonia yields a geranamide (II; X — NH,) mixture separable 
by fractional elation from alumina into two crystalline isomers. These are the compounds 
designated as geranamide-I and geranamide-II, respectively, by Caldwell and Jones (/., 1946, 
599), who first isolated them as rearrangement products from the action of Raney nickel on 
citral oxime, Comment on the structure of the compounds in the light of their infra-red spectra 
is made elsewhere (Barnard ef ai/., preceding paper). Notwithstanding the distinct preparative 
routes, the isolated mixtures contained the same relative proportion of isomers (5: 1) 


CMe SCH-CH yCHyCMeCH-CH,X CMe CH-CH,CHyCMeiCH-CO-X 
I ul 


CMe SCH-CHyCHyCMeX-CHICH, (ILI 


The second stage of the projected synthesis also proceeds normally, to yield the liquid 
liasomethyl 2 : 6-dimethylhepta-1 ; &-dienyl ketone (11; X CHN,). The final stage, however, 
proved decidedly abnormal, Repeated attempts to rearrange the diazo-ketone to homogeranic 
vcid (1; X& CO,H) or to homogeranamide (1; X CO’NH,) under the usual conditions using 
colloidal silver as catalyst gave only tar and much residual diazo-ketone. The possible catalytic 
activity of a variety of metallic compounds was then investigated. Although auric chloride 
proved to be an active catalyst for promoting the decomposition of the diazo-ketone in ethanol 
at room temperature, complex side-reactions greatly preponderated and, on hydrolysis, only 7% 
if homogerame acid (1; X « CO,H) was obtained 

Diazomethyl 2 : 6-dimethythepta-1 : 5-<dieny! ketone clearly possesses unusual stability, as 
is further emphasised by the fact that it can be distilled without appreciable decomposition at 
05 mm. pressure from a bath at 100° (b. p. 87—88 Although many diazo-ketones possess 

mparable thermal stability, few are resistant to the usual rearrangement procedures. The 
several indefinite interpretations of the mechanism of the rearrangement that have been 
propounded certainly offer no indication of any special function of the alkenyl substituent in the 
present example 

The limited success achieved forced our attention to preparative methods based on geranyl 
chloride, An inherent disadvantage of this approach is the possibility of allylic isomerism. 
This complication intrudes in three ways: (i) possible inhomogeneity of the terpenoid starting 
material or of an intermediate; (ii) similar inhomogeneity of the desired product even if its 
precursor were pure; and (iii) the analytical problem of identifying and characterising various 
isomers. The last of these, clearly of dominant importance, is now: greatly facilitated by 
recent developments in the recording and interpretation of infra-red spectra (see Barnard 
et al., lo, cit.) 

Pure geraniol is entirely the primary allylic alcohol (I; X =— OH). On treating it with 
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thiony! chloride and pyridine (Forster and Cardwell, J., 1913, 1341), a product boiling over a 
range of about 20° is obtained (cf. Ruzicka, Hele. Chim. Acta, 1923, 6, 492; Sutton, /., 1044, 
306), which gives analyses correct for the derived chloride and which infra-red 1 
analysis reveals to be a mixture of the primary (geranyt) (I; X - Cl) and the tertiary (linaloy!) 
(11l; X= Cl) chloride in the ratio of roughly 5 to 1.° Separation of the isomers by 
fractionation is extremely difficult because of decomposition during the prolonged heating at 
the relatively high temperature needed. More rapid distillation at the lowest convenient 
pressure (ca, 02 mm.) effects some separation, the tail portions consisting of almost pure primary 
chloride. However, for reasons which will emerge, the use of the pure isomers offers no 
advantage in the present work. 

Recent work by Lane, Fentress, and Sherwood (J. Amer. Chem. Soc., 1944, 66, 545) indicated 
that the conversion of an allylic halide into the carboxylic acid homologue via the nitrile 
offered not only the most direct, but a most favourable structural, route to homogeranic acid. 
These authors showed that the simpler analogues of the constituents of the gerany! chloride 
mixture, viz., 1- and 3-methylallyl chloride, interact with cuprous cyanide so that, independently 
of the nature of the pure halide or of the composition of an isomeric mixture, the same 
equilibrium mixture of cyanides is formed (91°5% of croty!l, 85% of I-methylallyl). Further- 
more, when the mixture is hydrolysed by acid, the I-methylallyl constituent behaves abnormally 
and the isolated acid is derived solely from the crotyl isomer. Once again, however, the 
extension to di-isoprenic derivatives of a method successful with simpler analogues was 
disappointing. Under the experimental conditions of Lane ef al, (lec, cit.) and modifications 
thereof, the maximum yield of gerany! cyanide was no more than 11%, in marked contrast to 
the approximately 90°, conversion obtained in the methylallyl system. As expected, isomer 
heterogeneity of the product was indicated by a boiling range of 7° (cf. gerany! chloride), but in 
addition it appeared to be very slightly impure. Although this syathesis is therefore of little 
preparative value in the gerany! series, the present work corroborates the American authors’ 
important findings concerning the formation of homogeneous hydrolytic products from 
isomeric mixtures of allylic nitriles. Alkaline hydrolysis converted the above geranyl cyanide 
into homogeneous homogeranic acid (I; X « CO,H), which in turn has been converted via 
its acid chloride into crystalline homogeranamide, identical in melting point and infra-red 
spectrum with a specimen prepared from homogeranic acid isolated from the rearrangement of 
diazomethyl 2: 6-dimethythepta-1 : 5-dieny!l ketone. A similarly identical specimen is 
obtained directly from the cyanide on mild hydrolysis with alkaline hydrogen peroxide, thus 
establishing that no double-bond displacement occurs during the relatively severe hydrolysis 
of the cyanide. The ultra-violet absorption spectrum also proves the absence of a$-unsaturated 
conjugation in the acid. 

At this stage, when the possibility of finding an improved route to homogeranic acid seemed 
remote—especially as we had found in the meantime that carboxylation of geranylmagnesium 
chloride yields the tertiary allylic derivative (III; X « CO,H) (see following paper)—Barry 
and Hartung (/. Org. Chem., 1947, 12, 460) described preparations of a-oximino-acids. One 
method involves a novel transformation of alkylmalonic esters. On treatment with an alkyl 
nitrite in alkaline solution, efficient oximation of these esters at the tertiary carbon atom is 
accompanied by simultaneous hydrolysis and decarboxylation of one carbethoxyl group, i.¢., 
CHR(CO,Et), —> HO-NICR-CO,H. Now it is known that 2-oximino-acids, while resistant 
to alkaline hydrolysis, tend to lose water and carbon dioxide in strongly acid solution with the 
formation of nitriles containing one less carbon atom (Bouveault and Loquin, Bull. Soc. chim., 
1904, 31, 1142). Yields of the nitriles thus obtained are generally poor, and, in any case, the 
extension of this reaction to open-chain terpenoid compounds is restricted by the sensitivity 
of the latter towards mineral acids, but it seemed reasonable to expect that the mineral acid 
could be replaced with advantage by a powerful dehydrating agent. Experiment confirmed 
this; the addition of acetic anhydride to a solid a-oximino-acid caused almost explosive 
decomposition, but the use of low-boiling petroleum as a diluent gave a high yield of nitrile. 

Ethyl geranylmalonate [[; X = CH(CO,Et),) was prepared in 50% yield ¢ by condensing 
sodiomalonic ester with the gerany! chloride mixture (cf. above) ané wes structurally homagensous 
(see below); with amyl! nitrite it gave a-ori etic (1 : 8-dimethyl-n-deca- 
3: T-dienoic) acid (I; X = CCNOH)-CO,H) in 90°, yield. On crystallisation from aqueous 


° es it is not to be 
be thin and the condensations referred to later are typical for the experimental 
cicluanvengieael the highest possible. 
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acetone, metastable and stable forms were obtained (presumably syw- and ants-oxime isomers) 

the former reverted readily to the latter on subsequent recrystallisation. Smooth decomposition 
ensued on adding acetic anhydride to a suspension of this acid in light petroleum. The product, 
isolated in 70%, yield, was homogeneous and analytically pure (cf. p. 927), and yielded derivatives 
identical with those prepared from the geranyl cyanide which | ad been synthesised much less 
satisfactorily from cuprous cyanide and gerany! chloride. The annexed reaction scheme 


summarises the inter-relationships of the compounds studied and records the yields of those 
reactions of preparative significance. 


“ C,H, CC MeCHCH SC! (co. 8%) 
CM, CMeCHCHy CHICO, < , 
CyH, , -CMeChCHICH, (ca. 20%)) 

“ Geranyl chiornde ” ~~ CO, o8 Grignard 


ww, reagent 


i ius 7 
y 


: ¥ » 
CH, CMeCH CH CCN OM) COM CH, CMecH-CH,CN C,H, CMe(CO, Hy CHoCH, 
— iso Homogeramic a 

ed | o% i? 
« ¥ Y 

CHM, CMeCh CH yCO-NH, CH, CMecH-CH,CO HW C,H, CMe CHOCH, 

M p osm « Homogeranic ac ui O-NH, 
Bp 98-99 6-05 mm 


“< ~ a . 
CH, CMe CH-COH > C,H, CMeCh-coc > CH, CMeCHCOCHN, 
Coerank acid 


+ See following paper 


The alkylated malonic ester route to cyanides provides a new method for ascending a 
homologous series which is especially useful for fairly reactive halides. The difficulty 
experienced with direct halide-cyanide exchange in these cases arises from the fact that the 
cyanide ion ™ too weak a base to initiate a bimolecular (S,2) reaction which can 
compete successfully with solvolysis of the halide by the hydroxylic solvent, whose presence is 
demanded by solubility considerations. The heterogeneous cuprous cyanide system introduces 
other factors which may, or, as with geranyl chloride, may not, contribute to successful 
interaction. The ethyl malonate anion is not only a sufficiently powerful base to engage in 
effective nucleophilic attack in a hydroxylic medium, but also yields a product of unique 
functional character. To test the response of other allylic compounds to this synthesis, the 
conversion of cinnamy! chloride and of 1- and 3-methylallyl chloride into the respective 
eyanides has been investigated. 

Ethyl cinnamylmailonate reacted with n-butyl nitrite in alkaline ethanol to give a-ortming 
comnamylacelic (l-oximino-4-phenylpent-3-enow) acid (83%). This acid is dehydrated and 
decarboxylated extremely casily. Even repeated recrystallisation from aqueous ethanol 
suffices to effect complete conversion into cinnamy! cyanide, although this is effected more 
expeditiously in bulk by treating a light-petroleum suspension with acetic anhydride as 
described previously, The one preparation of this nitrile recorded (Borsche and Niemann, 
Ber., 1936, 69, 1993) gives a poor yield. Hydroiysis of the nitrile with alcoholic potash yielded 
79% of the expected phenylisocrotonic acid, PheCH{CH-CH,CO,H (Buchner and Dessaver, 
Her., 1802, 25, 1155, Fittig and Jagne, Annmalen, 1883, 216, 98) 

Ethyl (L-nethylallyl)malonate and crotylmalonate (cf. Eccott and Linstead, ]., 1929, 2153, and 
Linstead and Rydon, /., 1934, 1995) were prepared from the respective chlorides in > 50% yields. 
since Linstead ef al.'s samples of crotyl bromide were unquestionably heterogeneous (Winstein 
and Young, /. Amer, Chem. Soc., 1936, 58, 104), some doubt exists concerning the purity of these 
products, but, for reasons referred to below, contamination with the 1-methylallyl isomer was 
probably inappreciable. To free the derived esters from traces of ethyl malonate, however, 
very careful fractionation was necessary. The purified esters were transformed in the usual 
way into 1l-oximino-2-methylpent-3-enoic and |-oximinohex-3-enoic acid, crystalline solids, 
which were dehydrated directly in ethereal solution without isolation. The cyanides were 
obtained in high yield, were apparently homogeneous, and exhibited physical constants in close 
agreement with those reported by Lane, Fentress, and Sherwood (loc. ci#.), but were found to 
evolve hydrogen cyanide on distillation and were therefore not obtained analytically pure. The 
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cause of this slight decomposition (possibly an impurity) was not further investigated as the 
synthetic route was considered to be sufficiently demonstrated. 

Certain further observations on the sodiomalonic ester condensations deserve mention. 
First, ]-methylally! chloride reacts much more slowly than its 3-methy! isomer, in accord with 
the quantitative data of Young and Andrews (J. Amer. Chem. Soc., 1944, 66, 421) and of 
Catchpole and Hughes (J., 1948, 4) on the related bimolecular substitutions with ethoxide ions. 
Since these authors have also established that the halides undergo unimolecular solvolysis at 
similar rates, it follows that under conditions where both modes of halide replacement occur 
the production of the primary allylic malonic ester is favoured. This is undoubtedly the 
principal reason why the geranyl chloride (p. 928) and croty! bromide (p. 928) mixtures yield 
products containing inappreciable proportions of the secondary allylic derivative. Secondly, 
while the malonic ester isolated from 3-methylallyl chloride possessed entirely the allylic 
structure of the parent halide, in the 1-methylallyl series this was only mainly so. From the 
crude (1-methylallyl)malonic ester was separated a smal] amount of a mixed ester fraction, the 
analysis of which indicated that about 3% of the 3-methylally! isomer had been formed. 
From such product composition data alone, it is impossible, of course, to draw conclusions 
about the reaction mechanism, but this finding suggests the operation of the long-forecast 
(Hughes, Joc. cif.), but experimentally elusive (cf. Catchpole, Hughes, and Ingold, /., 1948, 8), 
Sy?’ reaction : 

Me 
- 4 
CH 


CH, 
Sy2 


During the preparation of this paper, Kepner, Winstein, and Young (J. Amer. Chem, 
Soc., 1949, 71, 115) reported an investigation designed expressly to detect the Sy2° mechanism 
if operative in the reactions just considered and in the analogous condensations with 1- and 
3-cthylallyl chloride. The composition of the derived malonic esters was not examined 
directly; instead, these were successively hydrogenated, hydrolysed, and decarboxylated, 
the resulting straight-chain saturated acids fractionated, and the distillates converted in 
portions into the benzylamine salts, whose isomeric compositions were ascertained by melting- 
point comparisons. By this laborious procedure, applied apparently to a single experiment, 
the product obtained from |-methylallyl chloride in boiling ethanol was found to contain 
10 + 3% of 3-methylallyimalonic ester—an estimate in reasonable agreement with our value 
based on partial separation and analytical identification of the rearranged ester, which also 
refers to one experiment and is probably somewhat low. With l-ethylallyl chloride, 
rearrangement occurs to a greater extent (23 + 3%), and this is attributed to decreased S,2 
reactivity arising from increased steric hindrance to the approach of the malonate ion at the 
a-carbon atom. In the tertiary allylic (linalyl) chloride (111; X - Cl), this steric situation is 
greatly emphasised and will be an additional factor contributing to the formation of homogeneous 
geranylmalonic ester (I; X « CH(CO,Et),) from the isomeric chloride mixture (cf. above). 
By accessory rate measurements, Kepner ef al. further showed (i) that the condensation is a 
bimolecular reaction, of the first-order with respect to both allyl chloride and malonate ion, 
and (ii) that it proceeds much faster than unimolecular solvolysis of the chloride. On this 
evidence, they naturally deduce that the production of the rearranged ester from the l-alkylally! 
chlorides definitely establishes the existence of the S,2’ mechanism. 


EXPERIMENTAL. 


The absence of selective infra-red absorption at the frequencies 910 and 900, 965, and 835 cm.~', 
or at small recognisable di ts therefrom, is taken as characterising the absence of CH SCHR, 
trans-CHR-OCHR’, and CRR°CHR”, sa ne The experimental basis for the analytical use of 
infra- red spectroscopy in this sense is presented and discussed elsewhere (Barnard ¢f al., loc. cit.). 

The micro-analyses Sboratories under the direction of Dt <3 were carried out in the Analytical 

alkaline silver oxide, essential! 
to Semmler’s directions (Ber., _—~ (65%) which after careful at tactuonation seem 
had b. p. 99-100°/0-1 mm., # 4876. 
na rane Chloride —Distilled thionyl! chloride with geranic acid in the presence of 


f the desired However, by the f 
tically none o product. Ay yteps nem A 


cater same conditions, good yields were readily ‘o an 
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geranic acid (50 « yt Bee bee any oh ager Ragga yo le peg 
TMionyi chloride (387 wal), y by successive distillation from quinoline and linseed oil 
After Sitration from the precipitated pyridine ue a ferent the filtrate was refluxed for | hour 
— of solvent and fractionation of the residue gave geranoyl av te 5’ . a colourtess liquid, 

ay 780-3 mm, «ff 1.4963, Af 0-9055 (Pound: C, 646; H, 83; C,H, ,OC! requires 
Cc, H, #1; Cl, 19-0%) 

leomerte ( y! chloride (7 g.), added slowly to stirred 20% aqueous ammonia 
15 mi.) at 0", yielded an oa (5 g.). which was separated into gerapamide-I (1-83 g.) and geranamide-I1 
0-36 g ) by the chromatographic procedure described by Caldwell and Jones (lec. cif). The isomer-I 
crystallised from light petrolewm p. 60-80") in long needles, m. p. 67-6-—48-4" (Pound: C, 71-8; 
H, 163; N63. Cale. for C,H,,ON: C, 71-8; HM, 10-3; N, 84%): the amide-II separated from the 
same solvent in lustrous plates, m. p. 61-6—61-9 (Found: N, 65%) 

Diasomethyl 2 . 6-Dimethyihepta-| : S-dienyi Ketone.—-Getancy! chloride (45 g.) in ether (130 ml) 
was added slowly, with efficient stirring, to a solution of diazomethane (from 139 g. of N-nitrosomethy!l- 
urea) in ether (600 ml.) cooled to —10". After being kept at 0° for 48 hours and at 20° for | hour, 
the reaction mixture was filtered, and the ether and excess of diazomethane were removed under 
reduced eure at or 28°. Thereskiual diazo-ketone {5 } was an orange oil, b ee 87- — 005mm, 
#f 1.5395 (Pound 690; H, #6; N, i409. C,,H,ON aires C, 6&7; H, N, 146%). 
Light-at bearption aunabaaeats in ethanol showed intense hens 8 at 2560 (¢ ~ 11,0005 and 3000 4 
(e ~ 10,240 

Rearrangement of Diasomethyl 2 . 6-Dimethylhepta-\ : S-dienyl Ketone Attempted Woltt rearrange- 
meant of the diazoketune m (4) aqueous dioxan solution at 55° and SY”, (6) aqueous dioxan saturated with 
ammonia at 6) or under reflux, and (¢) ethanol saturated with ammonia at room temperature or under 
reflux, in the presence of silver oxide or colloidal silver, produced only some tar; much unchanged 
diazo- ketone was recovered In a wile survey of possible catalysts for the rearrangement of the 
diazo-ketone as a 10% solution m ethanol, positive promotion (as shown by nitrogen evolution) was 
found only with silver amide and collowlal silver (slightly active) and with auric chloride (highly active 

Homogeranse Auid.-—Teo « solution of diazomethy! 2 : 6-dimethylhepta-! : 5-dienyl ketone (35 g.) in 
ethane! (400 ml) aed water (20 ml) at 50°, a saturated solution of auric chloride (0-4 g.) in ethanol was 
added at such a rate that nitrogen evolution was ~~ BO « min After gas evolution had ceased, 
~tasciem bydroxkie (12 ¢) was added to the red, turbid solution, which was refluxed for 3 hours, 
Sitered and evaporated to 100 cc under reduced pressure. Water (400 ml) was added, and the 
solution extracted with ether and then acidified with concentrated hydrochloric acid (20 mil 
Homogeranic acid separated as an oil which, dried (Na,SO,) and fractionated, had b. p. 110-— 
110-3" 01 mm... wf? 14743 (Pound: C, 725; H, @8%; , 1-07 (catalytic hydrogenation 
requires C, 725; H, 90%: [", 20 Yield 25g 

Homogeranamide —Homogeranic acid (2 g.) in ether (3 ml.) was treated with pyridine (1 g.) and 
thiony! chioride (1-4 mi) at @ after dilution further with ether and filtration, homogeranic acid 
chioride, b. p. 68-7101 mm, was obtained by evaporation. Interaction of this chloride with 
ammonia in ethanol, and isolation of the product in the usual way, gave an oil which rapedly solidified 
at room temperature. Kecrystallisation from light petroleum (b. p. 40-60") yielded homogeranamide 
as white platelets, mp. 605-61" (Found; ¢ 72-8; H, 106; N, 7-9. C,,H ON requires C, 72 
H, 10-6; N, 74% Fractional! elution from alumina following the procedure used for separating the 
isomeric geranamides indicated homogeneity of the amide. Its infra-red spectrum indicates that the 
olefin: unsaturation ts of the type RXCCHR 

Geraniol Geranwl Q (Boake Roberts & Co), ry through its calcium chlorkle addition 
compound and then frac tionated, had b p li2s—il 13 mm., «ff 14765. Yield, approx. 60% 
Its infra-red spectrum is incompatible with the presence of CH, CHR groups, and therefore establishes 
its klentity as the homogeneous primary allylic alcohol (I; X OH 

Grevany ( hleride To a mixture of geramiol (200 g.), pyridine (110 ¢ ), and anhydrous ether (200 ml), 
thionyl chiorkde (170 g.) was slowly added with vigorous stirring and ice-cooling (ct. Forster and Cardwell, 
loc. oat Alter being kept for several hours at room temperature, the mixture was stirred with ice 
water (31), and the upper layer separated, washed with dilute sodium hydroxide solution until alkaline 
and then with water, and finally dried (CaCl). On fractionation through a 35-cm. Vigreux coleman, 
the product always exhibited a continuous boiling range, 50—106"/11 mm. or 256—55°/0-2 mm.; only 
the traction, b. p. &—106°/11 mm. or 45-—-55°/0-2 mm., aff 1-4728-—1-4700 (beginning and end 
of fraction), gave correct analytical figures for geranyl chloride (Found: Cl, 20-1—20-5. Calc. for 
C,H, C1: Cl, 20-60% 








C,,HyO, 


On dividing the chlorite during fractionation into several fractions of increasing b. p., it was found 
vy infra-red spectroscopy that the lower-bouing fractions contained considerable amounts of the 


isomeric tertiary chiorkie (linalyl chloride; Hil; X Cl), the proportion decreasing with increasing 
b. p. antil the fraction of highest b. p. was practically pure primary chloride (I; X Cl). Asis usual 
with allylic chlorudes, the isomer composition of these fractions changed on long storage or on heating 
them in a vacuum for a shorter period 

A treshly prepared sample of gerany! chloride, distilled at 0-2 mm. and of the boiling range given 
above, contains approx. 20°, of the tertiary isomer:(see footnote p. 927) 

Gevanyl Cyanide.-On mixing gerany! chloride (54 ¢.), pyridine (30 g.), and anhydrous cuprous 
cyanide (30 ¢), heat was evolved and a pasty mass resulted; the paste liquefied on raising of the 
temperature te about 75°. After being maintained at this temperature for 2 hours, and at 100° for 
05 hour, the dark syrup was poured rapiily into ether The insoluble matter was separated, washed 
with ether, and the « ombined extracts were worked up in the usual way. The main product (30 1) was 
a halogen- and nitrogen-free liquid, b. p. 45-—87°/0-1 mm, and there was a much smaller —— Ge) 
of material, b. p. §7-—-96°/0-2 mm. _Refractionation of the latter yielded a pleasant-smelling, very 
yellow oil 2 rp.» 91° 0-2 mm., eff 1-4701, evident! “e! impure gerany! cyanide (Found : c,7 
HM, 105; N, 74. C,,M,,N requires C, 81-6; H, lo 86%) 
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Hydrolysis po et me gh ny ay Ea 
ethene the wid ew ee oe A more ammonia was then evolved. The 
rate gig 66 mm va 14748 (Found C, 72-3; H, 100. Cale. for C, Hy, ; 
C, 72-5; H, 90%), was identical with the id previously isolated, and gave, re its actd 

vy ethanol 
(20 ml.) containing sodium hydroxide (1 mi. ; 
ettervesc intermediate 


‘ule. homogenate 

er) eet (3-6 g. Bag im so 
6n.), and 
eae dh Goal 
¢ toume, ond @ Gaetan aan 


omogeranamide, m 
Gerany _—Redistilled Zr athyl a (126 g.) was 

solution of sodium (17-8 g.) in anbyd ethanol (750 mi.). “deraayl chloride (1 

with vigorous stirring at a rate su tto the solution gently refluxing. 

until the mixture was neutral e moist litmus =e hours), whereafter most of the ethanol was removed by 

distillation. The ail ed due into water gave, on fractionation, much low- 

boiling material together with the deated product (80 @). b. p. 126-129" /0-2 mm., ~ Ay Loyd 

C, 68-9; H, @6. Cale. for C,,H,,O, 68-0; H, 96%). The infra-red spectrum indicates the 

absence of CHyCHR ong kr and thus a the product as 4 primary a om outs ee 

a0. Sod (7-8 g.) was dissolved in ethanol ( mil.), and pe goranyl- 
maicaate (108 ¢) added slowly at O°: co nitrite (43 g.) was then added dropwise wi orous 

After removal of the ethanol under reduced pressure at 30°, the red residue was mixed with 
crushed ice (130 g.), acidified with 25% aqueous sulphuric acid (100 ml.), and extracted with ether. The 
ethereal extract was washed with 10% sodium hydroxide solution (6 = 50 mil.) until colourless and the 
aqueous solution thus obtained heated for 15 minutes on the steam-bath, the dissolved ether being 
di off. On acidification at 0", a peline OS 5 90 ep Renae neees WAND, end CS © eaten. 
Crystallisation was effected most by dissolution in | boiling acetone, addition of water to cause 
slight turbidity, and then storage at 0°. a Ox a . ods -n-deca-3 ; 7- 
diencic) acid was first obtained as colourless platelets, “ r 138-139", but ‘the m. P reased with 
saa pat crystallisations to a constant value of 102-0— 2°, the crystalline form now being needles 
(Found , 640; H, &1; N, 62%; equiv., 222. CH wO.N requires C, 63-90; H, #5; N, 62%; 
equiv., ses" 

Dehydration of a-Oxtminogeranylacetic Acid.—The finely powdered, crude product (87 ¢.) was 
suspended in light petroleum (b. p. 66-—-80°; 200 ml.), and acetic anhydride (100 m!.) added slowly with 
stirring. Carbon dioxide was smoothly liberated, and the heat of reaction was sufficient to induce 
gentile boiling. The resulting solution was stirred with water for 2 hours and the undissolved oil worked 
up in the usual manner and fractionated. The uct (43 ¢.), b. p. S1—82°/0-1 mm., af 1-4608, 
appeared to be identical with the geranyl cyanide obtained previously (Found: C, 80-8; H, 10 3; 
N, 84%). Hydrolysis with alkaline bydrogen peroxide yielded a crystalline amide, m. p 60-0-—60-5* 
alone or r mixed with the original homogeranamide 

Homogeramic Acid.--Gerany! cyanide, obtained via the oximino-acid derivative, was hydrolysed 
with alcoholic potassium hydroxide solution as described previously, and an acid isolated, in 00% yield, 
identical with the original homogeranic acid (p. 930), b. p. 110—-110-5°/0-1 mm., #ff 1-4743 ( Found : 
C, 72-4; H, 99%). The infra-red spectrum of this acid indicates that olefinic unsaturation is only of 
the type R,C:C kk, thus confirmin that no shift of the double bond accompanies the hydrolysis. The 
absence of side reactions during the latter process is further confirmed by the fact that samples of 
homogeranamide prepared from the acid and by mild hydrolysis of the cyanide exhibited identical light 
absorption in the ultra-violet region 

Ethyl Cinnamylmalonate —Under the above experimental conditions, cinnamy! chloride (142 g.) 
reacted with ethyl er (from 164 g. of ethyl malonate) . = ethyl com (190 ¢.), 
b. p. 137—140° 0-1 mm., 1-138 (Found; C, 604; H, 7-1. O, requires C, 605; H, 73 
Its infra-red spectrum po ushes the absence of isomer containing “the H, CHR grouping. 

o-Oximinocinnamylacetic Acid.—Treatment of ethy! cionamylmalonate (119 g.) with n-amy! nitrite 
in the manner already described yielded a-oxtminocimnamylacetic (1-ortmino-4-phenyl -B-enotc) acid 
(73 g.), which crystallised from aqueous ethanol in white needles, m. p. 132—133-6°. On further 
recrystallisations, the m. p. st y decreased until ult tely complete conversion into cinnamy! 
cyanide was realised. 

Cinnamyl Cyanide.—Dehydration of crude «-oximinocinnamylacetic acid (67 g.) with acetic 
anhydride gave cinnamyl cyanide, m. p. 50-1—59-3° (after recrystallisation from aqueous ethanol) 

Found: C, 83-8; H, 60; N, 99. Calc. forC,H,N: C, 83-0; H, 6-3; N, 08%). 

3- Phenylisocrotonic Acid.—-Hydrolysis of cinnamy! cyanide (10 by refluxing it with alcoholic 
potassium hydroxide solution until ammonia was no longer libera (24 hours) produced 3 twat 
crotonic acid (9 g.), m. p. 8787-5" (alter reery 4 Kye A oR aqueous ethanol) (Found: C, 742; 
H, 63%; equiv., 163. Calc. Cyl C, 741 6 equiv., 162). 

Crotonyl Alcohol.—_Meerwein- m Pondort ferley reduction o crotenaldeh gave a product having 
b. p. 120-6—120-6°/760 mm., nf 1-4295 

1- and 3-Methylaliyl oy bg A pe 0 en ee eee en ae 
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increasing ». but the use of an paine pues columa gave. after a smal! fore-run Cs ) (mainty ethy! 





ab « distifiate (7 

H, 66. Cale. for C,,.H,,0,: C, 61-7; 
saturation is solely of the type RCHICHR 

hthy! @ lM laliyimalonate (2-Methylbut-3-ene-\ : |-dicarborylate) —Ethyl malonate (115 g.) was 
converted into the sodio-derivative and alkylated with I-methylally! chloride (61g). The reaction 
proceeded slowly : after refluxing for 10 hours the mixture was stil) alkaline to moist litmus and an 
odour of the chloride remained. However, isolation of the product after this time. followed by efhcient 
fractionation, gave the required malonate (83 ¢.), b. p. 113-0-—113-6°/16 mm., aff 1-4333 (Found: ¢ 
616; H. #5. C,,M,,O, requires C, 61-7; H, #4%). Infra-red spectroscopic examination showed that 
the olefinic unsaturation was purely of the type CHZCHR. Also isolated was a small amount (3 g.) of 
a higher-boiling fraction, b. p. 115-4—121°/16-5 mm., aff 1-4342--1-4354, which could not be purific! 
further by fractionation; its infra-red spectrum showed it to be a mixture of 3- and |-methylally)- 
malonate in the ratio of 3: 1 

3- Methylailyi Cyanide —-Ethy! o-3-methylallyimalonate (76 ¢.) was dissolved in sodium ethoxide 
solution (from & 2g of sodium and 250 mi. of ethanol) and converted into |l-oximinohex-3-enorx acid 

the slow addition of »-buty! nitrite (41 g.). The crude crystalline product was dissolved in ether 
(200 ml.) and dried (Na,30O,), and the solution refluxed for 4 hours while acetic anhydride (70 ml.) was 
slowly added. The produc t was stirred with water for | hour, and the ethereal layer washed successively 
with sodiam carbonate solution and water, dried (Na,S5O,), and fractionated through a 20-cm. column 
packed with glass helices. The cyanide (19-6 ¢) had b. p. 1462-0-—143-0° /763 mm., «ff 1-4220 ating 
the fractionation, a slight evolution of hydrogen cyanide was detected, and this is perhaps reflecte 
in the analytical figures (Found: C, 73-6; H, 90; N, 169. Cale. for C,H,N: C, 741; H, 86; N, 
57-32%) 

1- Methylallyl Cyanide —By the above procedure, ethyl |-methylallylmaionate (82 ¢.) was converted 
to l-oximino-2-methylpen-3-enoic acid, which, without isolation, was dehydrated to |-methylallyi 
cyanide Again, evidence of hydrogen cyanide evolution was observed during the fractionation of the 
nitrile (21g), which had b p. 1240-—1241°/760 mm., nf 1-4058 (Pound: N, 16-90% 


), Bb. p. 120-0—120-6°/15 mm., wf 14362 (Found: C, 61-6 
ok). its infra-red spectrum reveals that olefinic un- 
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188. Some Reactions of Geranylmagnesium Chloride. 
By D. Barwarp and L. Bateman. 


The predominantly primary allylic halide, geranyl chloride (V; X — Cl), is converted by 
the action of carbon dioxide or ethyl chloroformate on its Grignard derivative into the tertiary 
allylic acid (VI; X = CO,H). The main by-product of these reactions is a hydrocarbor 
mixture derived from the combination of two geranyl fragments. This mixture, which is 
obtainable in better yieki by direct methods, contains a higher proportion of digeranmy! (VIII) 
relative to isodigeramy! (VII) than found in the corres: line product from related systems 
The significance of this finding to the mechanism of the coupling process is discussed 


Lirtte® progress has been made in understanding the anomalous behaviour of allylic type 
Grignard reagents, but the recent extensive study of the buteny! derivatives by Young and 
his associates (reported in a series of papers, J. Amer. Chem. Soc., 1936-—-1946) has done much 
to enlarge empirical knowledge. The findings and conclusions of these workers may be briefly 
summarised thus. In the absence of direct evidence, arguments based on certain reactivity 
characteristics of benzyimagnesium halides are generalised and are considered to indicate that 
the Grignard complex prepared from a primary allylic halide (1; X = halogen) itself possesses 
the primary (I) rather than the isomeric secondary allylic structure (II). No reaction is known, 


CH CHSECH SCH, CH, CH-CHICH, 


CHYCHICH CHEN CH, ,CHX-CHOCH, R,C=0 MeX R,C-OMge X 
{ 7 WJ an I 


however, whereby replacement of the magnesium halide component yields a substantially 
pure crotony! derivative (1 On treatment with water or oxygen, mixtures of isomeric butenes 
or butenols are obtained, respectively, and coupling reactions likewise give heterogeneous 
products. On the other hand, reactions with carbony! compounds lead almost exclusively to 
the A'-olefinic derivatives (IV), the initial interaction of the two reagents being postulated as 
(Il; R,CO representing an aldehyde, a ketone, or carbon dioxide}. This somewhat unusual 
behaviour may not only introduce complications in synthetic work, but also lead to erroneous 
conclusions concerning the structure of allylic halides deduced from such reactions (cf. Bateman, 
Cunneen and Koch, Nature, 1949, 164, 242; following paper). Lack of diagnostic value is 
accentuated by the observation (Roberts and Young, /. Amer. Chem. Soc., 1945, 67, 148) that 
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carboxylation of the Grignard compound prepared from 1]-methylally! chloride (II; X = Cl} 
gives the same acid (11; X =— CO,H) as is obtained by submitting the crotyl halide 
(I; X = Br) to the same procedure. 

For reasons arising out of the difficulty experienced in preparing homogeranic acid (V; X = 
CO,H) by standard methods (see the preceding paper), we investigated transformations of the 
CH,-CMeiCH-CH,-CH,-CMe°CH-CH,X CH,yCMeiCH-CH,CH,-CMeX-CHICH, 

{V.) (VL) 
Grignard derivatives of geranyl chloride (V and VI; X =— Cl; containing ca. 80% of V, as 
usually isolated, cf. preceding paper). By infra-red spectroscopy (Barnard, Bateman, Harding, 
Koch, Sheppard, and Sutherland, J., 1950, 915), structural changes analogous to those 
observed in the buteny! series were readily followed. 

Carboxylation of the Grignard complex gave in 30%, yield an acid of appreciably lower 
boiling point and refractive index than homogeranic acid (V; X « CO,H). Strong infra-red 
absorption at 908 and 990 cm.-', in agreement with ozonolysis data, identifies the acid as 
isohomogeramic acid (V1; X = CO,H). isoHomogeranamide (V1; X = CO-NH,), prepared 
wia the acid chloride (VI; X = COC)), differed from its isomer (V; X = CO-NH,) (/., 1950, 
915) in being a non-crystallisable oi] (as is the p-bromophenacy! ester), but the rather 
difficultly crystallisable anilide, m. p. 49—50°, may be used for characterisation. Similarly, 
the addition of the Grignard complex in ether to an ethereal solution of ethy! chloroformate at 
— 10° produced an ester which was not easily purified but which on hydrolysis also yielded 
isohomogeranic acid. Insofar as the isolation and physical examination of the products 
permitted, no evidence of the formation of the isomeric homogeranic acid in these reactions 
was obtained. These results show (i) that allylic rearrangement from the primary to the 
tertiary structure occurs with a facility comparable to that of the corresponding primary- 
secondary change in similar reactions, and (ii) that chloroformic ester is a reagent of non-carbony! 
function which adds at the y-carbon atom of the allylic system 

The principal by-product from both the tsohomogeranic acid preparations was a high-boiling 
hydrocarbon mixture, separable by efficient fractionation into components boiling at 171:3— 
171°9°/12 mm. and 1789—179°2°/11 mm., respectively, which were present in the proportion 
of ca. 2:1. No crystalline derivatives of either could be prepared, but analyses, infra-red 


CHC MeCH-CHyCHyCMe:CH-CH, CHyCMeiCH-CH,CHyCMeX Hi 


CHyCMe: C HCH,C ", <Met: HOCH, CHyCMeCH-CHyCHyCMeCH 
(VIL) (VIL) 


spectra, and ozonolyses establish beyond doubt that the lower- and higher-boiling fractions 
are respectively isodigerany/ (VII) and digeranyl (VIII). Ozonolysis of the latter gave succinic 
acid (92%), but no formaldehyde; the former gave a crystalline acid which analysis indicates 
to be 2-methylbutane-1 : 2 : 4-tricarboxylic acid and which is clearly the product of oxidative 
scission at the 7-, 12-, and 1’-double bonds. Consistently, the latter olefin exhibited no marked 
infra-red absorption at 908 and 990 cm.-' characteristic of the presence of CHRICH, groups, 
whereas the former did so with an intensity which virtually establishes its identity as (VII) 
rather than the related isomer (IX) on this evidence alone. 


CHyCMe-CH-CHyCHyC Me-CH°CH, “CH yCMeCH-CH-CHyC Me(O,H) -CH- 


' 
CHyCMeCH- CH, CH, CMeCHCH, Qo oma) 
(IX.) (X.) 


Hydrocarbon mixtures of similar composition were subsequently prepared in yields of the 
order of 70% by coupling geranylmagnesium chloride over silver bromide and by treating 
geranyl chloride directly over magnesium; (IX) was not detected. Digeranyl is the 
lower homologue of the naturally occuring triterpene, squalene, and has proved to be a valuable 
low-molecular model for studying polyisoprene reactivity. The departure from regular head- 
to-tail isoprene union throughout the molecule is of minor consequence in this connection. 
For example its oxidation characteristics closely simulate those exhibited by the long-chain 
polyisoprenes, gutta-percha and natural rubber hydrocarbons, both kinetically (unpublished 
work by Bolland and by Bateman, Bolland, and Gee) and in the unusual! nature of the peroxide 
unit (X) in the primary product (Bolland and Hughes, this vol., p. 492; and unpublished). 

The formation of the relatively high proportion of (VIII) to (VII) compared with the 
proportions of the related isomers derived from crotonyl and cinnamyl halides—where the 
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forms corresponding to (V11) predominate to the extent of about §: 1 and 4: 1 respectively— 
is an interesting feature bearing on the mechanism of the coupling process. Koch (/., 1948, 
}131) recently commented on the differences found in the crotonyi and the cinnamy! systems 
and has suggested that the factor responsible is increased resonance stabilisation of the 
3-phenylallyi as compared with the -methylally!l grouping. The present finding with a system 
intermediate in such electronic character between the above groups obviously renders any 
simple explanation in these terms inadequate. If we assume with Young and Roberts (J. Amer. 
Chem. Soc., 1946, 68, 1472) that the Grignard complex possesses an essentially covalent primary 
allylic structure,* the structural course of the reaction with a simple alkyl halide (/., 1950, 941), 
just as with ethyl chioroformate and with chloromethyl m#-buty! ether (Young, Roberts, 
and Wax, |. Amer. Chem. Soc., 1945, 67, 841), requires that a “ chelated " transition complex 
similar to that envisaged for carbonyl-compound interaction (Johnson, J. Amer. Chem. Soc., 
1933, 55, 3020; Young and Roberts, loc. cit.) promotes combination thus : ¢ 


K-CH CH=CH, 
MgCl, 
k' 
Analogous functioning by an allyl halide can clearly account for a substantial proportion of the 
unsymmetrical coupled product (as VII) (cf. Johnson in Gilman, “ Organic Chemistry,"’ Wiley 
and Sons, New York, 2nd edn., 1943, p. 1881). However, several independent phenomena— 
¢.4., electro-chemical behaviour indicative of an ionised salt-like structure (Evans and Pearson, 
J. Amer, Chem. Soc., 1942, 64, 2865), or the profound influence of extraneous metailic compounds, 
notably cobaltouws chloride, on the course of Grignard reactions, probably caused by initiation 
of free-radical processes (Kharasch ef a/.; for a summary see Ann, Reports, 1944, 195; ctf., 
however, Wilds and McCormack, ]. Org. Chem., 1949, 1, 45), and the small variations in reaction 
conditions and in the structure of the addenda which determine whether benzyimagnesium 
halides yield normal or abnormal {(o-tolyl) products (Austin and Johnson, iid. 1932, B44, 
647)—clearly signify that Grignard reagents possess diverse reactivity potentialities which are 
not distinctly separated energetically. Hence, the liberation of allylic free radicals or anions, 
and their participation in reactions occurring concurrently with the “ chelation "’ process are to 
be expected. Any tendency exhibited in this respect by the 3-methylally! system will be 
enhanced in the 3-phenylally! and 3: 3-dialkylally! systems owing to the increased facility for 
radical or tonic dissociation afforded by the greater resonance energies of the hydrocarbon 
fragments thus prodaced. Since processes involving free allylic ions (see, ¢g., Catchpole, 
Hughes, and Ingold, /., 1948, 8; Campbell and Young, /. Amer. Chem. Soc., 1947, 69, 688, 
3066) or radicals (Bolland and Koch, J., 1945, 445; cf. J., 1950, 941) invariably lead to 
mixtures of isomeric products, the increased heterogeneity of the hydrocarbon dimers derived 
from cinnamy! and gerany! halides is understandable. In comparing the last two systems 
among themeelves, however, account must be taken of an important difference in location of 
the reactivity focus in the respective hydrocarbon radicals or ions. In contrast to the situation 
prevailing in covalent compounds—where the primary allylic isomer (CHR°CH-CH,X) is 
much the more favoured thermodynamically—experiment shows (Birch, Faraday Soc. Discussion, 
1947, 2, 246, where other references are given), and theory readily interprets (de la Mare, 


Hughes, and Ingold, J., 1948, 17), that the charge in a 3-arylallyl anion is sited predominantly 


at C,, (ArCH-<CICH,), whereas in a 3-alkylallyl anion it is at C,., Alk-(CH{CH-CH,) Accepting 
that ¢ C.,, combination is repressed by special factors which cannot now be discussed, it is 


clear that this distinction—which undoubtedly exists equally in the free-radical analogues— 
is in accord with the experimental observations concerning the variations in C,,.~-C,,, and C,,,~¢ 
coupling in the gerany! and cinnamyl systems. 


* Two arguments additional! to those advanced by Young and Roberts in support of this assumption 
warrant consideration. First, reactions of carbonyl compounds with the sodium derivative of allyl- 
benzene in bquid ammonia, + ¢, conditions where carbanions certainly participate in the reaction, yield 
isomeric product mixtures (Campbell and Young, /. Amer. Chem. Soc., 1944, 68, 3066), in contrast to 
the remarkably homogeneous secondary allylic products obtained from the corresponding Grignard 
reactions. Secondly, the formation of structurally analogous carbinols and acids from crotonyl- and 
cinpamy!-magnestum halides (Gilman and Harris, /. Amer. Chem. Soc., 1931, 68, 3541) suggests strongly 
that these two Grignard reagents possess a common basic structure. For reasons outlined later in this 
paper, covalent attachment of the MgX group to the hydrocarbon component must be inferred, since in 
dissociated of pseudo dissociated formulations the location of the principal reactivity centre at diflerent 
points in the two hydrocarbon units should be reflected in dissimilarities of the product 

t An interpretation of the factors directing K- to the »- rather than to the a-carbon atoms is given 
tater (/., 1960, 941) 
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EXPERIMENTAL. 


Geranyi Chloride.—The ly isolated isomeric mixture [ i peeing, pete ) containing 
apr 80% of the primary gerany! chloride (V; X = Ci) and 20% of the tertiary linaly! chioride 
X = Cl) has been used in the present work. 
Geranyl magnesium Chloride.—-The reaction leading to this oe 
can be markedly inefficient. The following was found to be the most satisfactory 
a turnings (12-5 g.) were covered with anhydrous ether (500 ml), and 9 ate 
a crystal of iodine » rs covered wit androas oer (30a) and'9 of gern chore 
with a small t of a ee by heating with iodine, was re ag on v gently 
warming, the main reaction thea started. ether (500 mi.) was added immediately, aad — 
chloride (79 g.) oo ak 8 Gane Canes So ee eee ae a eee ). 
An atmosphere of tained in the apparatus throughout these operations. Even 
ia such conditions, uanh of the Guan 1 chloride participates in coupling reactions, as shown by the 
turbidity of the reaction mixture and the use of less than the theoretical amount of magnesium. 
isoHomogeranic Acid.—A rapid stream of dry carbon dioxide was passed for 2 hours into an ethereal 
solution of geranylmagnesium chloride, prepared as described above and maintained at —30°, The 
resulting mixture was cautiously treated with ice-cold me eee acid (150 ml), and the ethereal 
layer separated and extracted with 2n-sodium hydro :% : 
diene-3-carboaylic) acid (25-5 g.), thus extracted was iesiated ie te wae y had b. p. 
99—100°/0-05 mm., af 14668 (Found. C, 7246; H, 100%; equiv., 1824 C,,H,,0O, requires 
C, 72-5; H, 10-0%; equiv., 182-0) 
istomager enamide —Thionyl chloride (3.5 ml.) was added slowly with stirring to isoho: 
The mixture was finally refluxed for 30 utes, 











isohomogeranamide as an oil (4-4 
N, 7-9. C,,HyON requires C, te. . 
exhibits strong bands at 916 and 1000 cm. indicative of the ‘CHRICH, peping 

isoH ee lide —ssohHk noyl chloride (2-6 g.) was slowly to an ice-cold solution 
of re distilled aniline (1-84 g.) in ether (5 ml.) After farther dilution with ether (20 ml), the filtered 
solution was washed with dilute hydrochloric acid, sodium hydroxide solution, and water, dried (K,CO,), 
and freed from solvent. The residual oil crystallised slowly on storage at 0°. Fractional elution from 
alumina using light petroleum (b. p. 40-—60"°), followed by sublimation at 005 mm, yielded the 
gt anilide, m. p. 50-5—51° (Found: C, 702; H, 8&7; N, 5&7. Cy,H ON requires C, 79:3; H, 90; 


-§% ) 





Osomolysis of woHomogeranic Acid.—The acid (1-2 g.) in glacial acetic acid (12 ml.) was treated with 
a slow stream of ozonised oxygen for 3 hours at room temperature. The resulting solution was dropped 
slowly into boiling water (100 ml.) containing suspended zinc dust (7 g.), and the volatile distillate 
passed into a 9-8 of dimedon (2 g.) in aqueous ethanol. The formaldehyde-dimedon compound 
separated (0-30 F 7 187-188", mixed m. p. with an authentic specimen, 188-—~188-5" 

Reaction of Ethy! Chioroformate ‘with Geranyimaguesium Chloride —-The Grignard reagent prepared 
from gerany! chloride (106 g.) in ether (1250 ml.) was added slowly with stirring to freshly distilled ethy! 
chloroformate (67 g.) in ether (250 ml.) at —10°. After the addition was complete, the mixture was 
kept for 1 hour at room temperature and then acidified (dilate sulphuric acid), and the product in the 
ethereal layer recovered in the usual way. On distillation, two main fractions were collected: b. p 
100-——114°/12 mm. (25 ¢.), and b. p. 108—118°/0-05 mm. (30 ¢). The former was hydrolysed by 
refluxing it with potassinas hydroxide (10 g.) in ethanol (200 ml.) for 4 hours. Pure isohomogeranic 
acid, b. p. 80—90°/0-01 mm., wf 1-4669 (15 g.) was obtained. The derived chloride and amide were 
—- with the corresponding compounds as described previously 

By-products from the Above Reactions anyimagnessum Chioride —lo all the above Grignard 
seactions, ac jerable a t of a high- ydrocarbon by-product was produced, having b. p. 
134—139° 0-5 mm., aff 1-4820—1-4838. Analytical data indicated that the substance originated in the 
< ~ of two molecules of the Grignard reagent (Found, lower-boiling fraction: C, 87-5; ‘Hi, 12 4%; M, 
276. Higher-boiling fraction : C, 87-46; H, 12-4%; M, 280. CyH,, requires C, 078; H, 12-56%: AM, 274). 

Coupling Reaction of Geranylmagnesium in the Presence of Silver Bromide —-Finely ground 
and vacuum-dried silver bromide (155 g.) was added slowly to a vigorously stirred solution 
pgane from geranyl chloride lo (19g) and magnesium (24 g.) in ether (600 ml.) and maintained at 0°. 

eaction was made evident by the formation of metallic silver, and completed by refluxing the mixture for 

lhour. After cooling and acidification with dilute sulphuric acid, the ethereal layer was separated and 

worked up in the usual way. A small portion of the product was freed from volatile material by being 

kept at 10°* mm. in contact with a trap cooled in liquid air, and then distilled at 40°/10* mm. in a pot- 

tvs tolelar stl and then had wl i aR2a ule comple dhowed uo change to lotee-ced spectrom 

and had almost the same m (1-4832) 5° in a vacuum for 135 minutes, thus proving 

2 absence of isomerisation [¢.g., from ry to te (viit}} under normal fractionation conditions which 
ht mask the true co aiten of a compte’ The bulk of the material was distilled from 
jum (b. p. 132—137°; 

column packed with 

colamn ee he with gauze rings (22 

homogeneous fractions sod he andor vom very 


ag ee bmn 
amyl fo TEs ip anenityto-canatins® : 
iment ra), hab ¢, 87-4; H, 126%; M, 277. Coins, requives . 
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M, 274). The infra-red spectrum reveals the presence of the unsaturated grouping CH,-CHR in addition 
29 Se es CHECCR, (see pre« paper). Osonolyms. A slow stream of ozonised oxygen was 
be through a solution of the hydrocarbon (2 ¢) in carbon tetrachloride (20 ml.) at —15° for 
4hours. Kemoval of the solvent left a semi-crystalline ozonide, which was dissolved in aqueous (41%) 
acetic acid (20 mi.), 30%, hydrogen peroxide was added (10 ml), and the solution boiled under reflux 
for 1-4 howrs After the solution had been made alkaline and extracted with ether, the re-acidified 
solution was extracted with ether to yield an oil which was dissolved in the minimum quantity of light 
petroleum (b. p. 60-—80") and kept at —5° for several days. Lustrous sheaves of crystals, which 
separated in small yield, had m. p. 126—127° after high-vacuum sublimation and recrystallisation from 
light petroleum (Pound : C, 47-3; H, 61. C,H,O, requires C, 47-1; H, 59%) 

Digeramyl (2°65 11: US-tetamethylhexadeca-2 6°10: l4-tetraene) (24 g) had bp. 1788 
179-2°/11 m., 1-4837 (Found: €, 87-3; H, 125%; M, 277; *, 405 by microhydrogenation. 
Colt,, requires ©, 87-6; H, 12-56%; M, 274; ©, 400). The infra-red spectrum shows the olefinic 
unsaturation to be solely of the type CHECCR, (see preceding paper). Osonolyns (i) Oronised 
oxygen was passed slowly through a solution of digeranyl (0-5 ¢) im glacial acetic acid (15 ml.) for 
3 hours. The resulting solution was dr 1 inte boiling water (100 ml.) containing zinc dust (7 ¢.), 
and the distillate passed into an ice-cold saturated solution of dimedon in aqueous ethanol. No 
formaldehyde derivative was obtained. (ii) Digeranyl (1-61 g) in anhydrous carbon tetrachloride 
30 ml.) was ozonised at —20° for 44 hours. After omposition of the ozonide in boiling aqueous 
acetx acu containing ay peroxide as described above and destruction of excess of peroxide by 
the addition of silver oxwie, the solution was freed from soluble or colloidal silver compound with dilute 
hydrochloric ack, filtered, and concentrated under reduced pressure to cs 2 mil. The succinic 
acid which separated was sublimed at 01 mm. and had m. p. and mixed m. p. 184-185" (Found ; 
Cc, 410; H, 2%; equiv. @. Cale. for C,H,O,: C, 6; H, 51%; equiv., 59). Yield, 0-505 g. 
91-5% theoretica)) 

Coupling Reaction of Gevamyl Chloride over Magnestum —Gerany! chloride (210 ¢) was converted 
into the Grignard reagent in the usual manner, using, however, only half the theoretical quantity of 
magnesium. The product on isolation consisted largely of the digerany! hydrocarbons (101 ¢.) 
Fractionation yielded pure digerany! (27 g) and iredigerany! (52 g.) 


The work described in this and the preceding reper forms part of a programme of fundamental 
coesearch undertaken by the Board of the British Ku Producers’ Research Association. 


Berren Ropper Propucers’ Kesearcn Association, 
Tewrm Roap, Wetwyn~ Garver Crry, Herts Recewed, September \6th, 1949). 


189. The Reaction of Hexa-1: 5-diene with N-Bromosuccinimide. 


By L. Bateman, J. I. Cunnegen, Jovce M. Fapian, and H. P. Kocu 


By analytical application, qualitative and approximately quantitative, of infra-red 
spectroscopy, and by conversion into known derivatives by reactions along well established 
structural routes, it has been demonstrated, contrary to the conclusions of Karrer and Schneider 
Hele. Chim. Acta, 1048, 91, 395), that the monobromide isolated from the reaction named in 


the tithe consists mainly of |-bromohexa-2;: 5-diene, mixed with about 10% of the 


3-bromo A* “isomer 


TDusING an investigation of certain allylic terpenoid bromides it became of interest to 
attempt the preparation of the bromide (1; X « Br) and to see whether dehydrobromination 
yielded hexa-1: 3: S-triene. In view of the investigations of Winstein and Young (/. Amer. 
Chem. Soc., 1936, 58, 104), of Kharasch, Margolis, and Mayo (J. Org. Chem., 1936, 1, 393), and 
of Young, Richards, and Azorlosa (J. Amer. Chem. Soc., 1939, 61, 3070) into the isolation and 
interconversion of related allylic bromides, it was apparent from the outset that this bromide 
would generally co-exist with its allylic isomer (II; X = Br) and that its preparation 
substantially pure would present much difficulty. It was, therefore, surprising that Karrer 
and Ringli (/ele. Chom. Acta, 1947, 30, 863) reported the preparation of (I; X Br) by treatment 
of hexa-1 : 5diene (dially!) with N-bromosuccinimide in boiling carbon tetrachloride. Further 
bromination by the same method yielded a crvstalline dibromide formulated as (III). A 


lL) CHSCH-CHyCHX-CHICH, CHYCH-CHyCHICH-CH,X (IL) 
UL) CHSCH-CHBeCHBrCHCH, XCHyCH{CH-CHICH-CH,Y (IV 


second, correcting paper (idem, sbid., 1947, 30, 1771) reported the dibromide to be the conjugated 
compound (IV; X «« VY « Br) (Farmer, Larria, Switz, and Thorpe, J., 1927, 2937), and doubt 
was expressed concerning the correctness of the structure assigned to the monobromide. This 
doubt was quickly resolved in favour of the onginal assignment by Karrer and Schneider (tbid., 
1948, 31, 395), who condensed the monobromide with acetophenone in the presence of magnesium 
and ether, oronised the resulting tert.-alcohol, and measured the liberation of 1°44 g.-mols. of 
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formaldehyde; no acetaldehyde was detected. The last observation was significant since 
Karrer and Schneider had found that mild hydrolysis of the acetate obtained from the bromide 
by silver acetate produced an unsaturated alcohol which yielded »-hexanol on catalytic reduction. 
An @-bromide structure therefore became a possibility and consideration was mainly given to 
(IV; X— H; Y = Br) rather than to (Il; X = Br), presumably because of analogy with the 
dibromide structure. However, the ozonolysis apparently serves to eliminate this possibility, 
and requires that the formation of the primary alcohol be attributed to rearrangement occurring 
during its synthesis from the bromide. 

The identification of diallyl monobromide * as (I; X — Br) is so contrary to expectation 
based on the behaviour of similar bromides (Young ¢? al., loc. cit.) as to provoke critical 
examination of the supporting evidence. Three unsatisfactory features are then evident. First, 
the absence of any mention of interconversion (1; X — Br) == (Il; X « Br) suggests that 
Karrer and Schneider overlooked the controlling influence on the composition of the product 
likely to be exerted by this ready isomerisation. Secondly, it seems that no isomerisation occurs 
during the monobromination stage and yet two double-bond displacements and the migration 
of the initially substituted bromine atom occur on further reaction. Thirdly, the presumed 
diagnostic criterion afforded by ozonolysis is almost certainly valueless since, in the case of the 
closely similar 1-methylally! and 3-methylallyl bromides, Roberts and Young (/. Amer. Chem. 

soc., 1945, 67, 148, 319; 1946, 68, 1472) established that, irrespective of the isomeric nature of 
the original halide, reaction of the derived Grignard complex with carbonyl compounds yields 
almost pure secondary allylic derivatives 

The ever-present possibility of allylic isomerisation accompanying reaction militates severely 
against the successful application of purely chemical methods to solve this structural problem,t 
Accordingly, our investigations (which date from the appearance of Karrer and Ringli’s first 
paper) have sought to make full use of infra-red and ultra-violet spectroscopy (cf. especially 
Barnard, Bateman, Harding, Koch, Sheppard, and Sutherland, J., 1950, 915). 

The Composition of Diallyl Monobromide.-We find that analytically pure diallyl mono- 
bromide boiling over the temperature range reported by Karrer and Ringli and prepared either 
according to these authors’ directions or by the modified procedures referred to later is neither 
(I; X= Br) nor (IV; XN =H; Y= Br) but is essentially (11; X= Br). Its infra-red 
absorption spectrum exhibits a strong band at 965 cm.-', characteristic of the presence of the 
CHR-CHR grouping and absent in diallyl, as well as bands at 918 and 990 cm.~' caused by 
CH,CHR groups. The intensity of the latter band is approximately half that of the same 
absorption in diallyl. The ultra-violet absorption spectrum confirms the absence of diene 
conjugation. 

With carbon dioxide the Grignard complex derived from the bromide yields the secondary 
allylic hexa-1 : 5-diene-3-carboxylic acid (1; X « CO,H) (p-bromophenacyl ester, m. p, 32-—33°), whose 
infra-red absorption differs markedly from the bromide but closely resembles that of the parent 
olefin between 900 and 1000 cm... This practically quantitative change from primary allylic 
type has been incontrovertibly demonstrated by Young and Roberts (loc. cit.) to be a general 
characteristic of carbony! compound-butenylmagnesium halide reactions, and therefore we can 
confidently assert that while Karrer and Schneider's structure for the bromide is wrong their 
formulation of the fert.-alcohol prepared from acetophenone as (1; X « ~CPhMe-OH) is right. 
When the bromide is converted into an ether by a hot concentrated solution of sodium ethoxide 
in ethyl alcohol, the product exhibits intense ultra-violet absorption at 2250 a., indicative of 
its conjugated nature and, in conformity, its infra-red absorption spectrum reveals the presence 
and absence of CH°CH and CHCH, groups, respectively. The ether must therefore be either 
l-ethoxyhexa-2 : 4-diene (IV; XN =H; Y «© Ot) or the 3-ethoxy-isomer. The location of the 
ultra-violet absorption maximum affords strong evidence favouring the former. This indication 
has been verified completely by catalytic reduction and identification of the product as n-hexy! 
ethyl ether by cleavage with hydriodic acid and conversion into #-hexylisothiuronium picrate, 
m. p. 156°. Since it is now well authenticated that bimolecular (S,2) replacement reactions of 
allylic halides with ethoxy! ions lead wholly to attachment of the entrant group at the site of 
the displaced group (Hughes, Trans. Faraday Soc., 1941, 87, 627; Catchpole and Hughes, /., 
1948, 4; Roberts, Young, and Winstein, /. Amer. Chem. Soc., 1942, 64, 2157; Young and 


* Throughout this paper, * Ee RARE © COR OR, LSS, AD NTN 
irrespective of its isomeric constitu 


7s ahoold be noted that oncnay of allvic compounds powening emethyien ic functional groups 
i. Bae Kinnis, Webb, and Roberts, J. Amer. 
Chem. Soc., 1946, @, 











938 Bateman, Cunneen, Fabian, and Koch: The Reaction of 


Andrews, ibid., 1944, 66, 421), combination of the ethoxy! group at a terminal carbon atom 
under the drastic S,2 conditions employed provides independent and specific information 
concerning the location of the original bromine atom. The double-bond shift accompanying 
alcoholysis exemplifies the well-known lability of 1: 4-dienes to such isomerisation under 
proton-transfer conditions. We have sot repeated Karrer and Ringli’s bromide ——> 
acetate ——> alcohol sequence since the tendency to S,l replacement (and therefore to isomeric 
mixtures) in the first stage (see, ¢g., Catchpole, Hughes, and Ingold, /., 1948, 8) introduces 
ambiguity into any structural deductions. The procedure employed for isolation by the Swiss 
workers would hardly be likely to determine whether the alcohol said to be (IV; X = H 
Y « OW) was free from (1; X « OH), and the mild hydrolytic conditions used in the second 
stage suggest that (Il; X « OH) may also have been present. 

No uncertainty attaches to the data and conclusions so far presented, but the normal 
existence of similar allylic bromides as isomeric mixtures containing ca. 15% of the secondary 
allylic form (Young ¢¢ ai., loc. cit.), together with the fact that the bromination conditions and 
the subsequent isolation of the product both strongly facilitate interconversion (cf. following 
paper), indicate that the poasilulity of isolating a homogeneous diallyl monobromide as the 
reaction product is negligible. An immediate and affirmative indication of isomeric 
heterogeneity is afforded by the observation that analytically pure monobromide boils over a 
range of about five degrees (cf. Karrer and Ringli, loc. c#.). More significantty, the infra-red 
spectra of head and of tail fractions showed small but readily detectable variations corresponding 
to a higher concentration of the secondary allylic isomer (1; X = Br) in the lower-boiling 
material, In agreement with the work of Young ef ai. (Joc. cit.), this partial isomeric separation 
on distillation was also reflected in substantial differences in refractive index. The difficult and 
tedious problem of accurate isomeric analysis, necessitating the separate physical characterisation 
of both components, is beyond the scope of the present work, but an approximate estimation can 
be deduced by comparing the absolute extinction coefficients of the infra-red absorption 
frequencies due to the CHRICHKR and CH,CHR groups in the bulked monobromide product. 
Such analysis (see the Experimental section) is complicated by the occurrence of cts- and trans- 
forms of the 1-bromo-A*isomer, but it is estimated that 5-—15% of (1; X — Br) is present in 
a typical monobromide preparation. 

Secondary Products of Reachon.-—As reported by Karrer and Kingli (/oc. cit.}, a minor product 
of the dially! N-bromosuccinimide reaction is the crystalline, conjugated dibromide (IV; X = 
Y « Br), which is better prepared by further bromination of the monobromide and displays 
spectroscopic characteristics in full accord with its established molecular structure. We have 
also isolated a second dibromide——a liquid in which the elements of hydrogen bromide have 
added to the CH°CH centre of the monobromide. This compound has not been specially 
investigated, but its spectral properties together with knowledge of the orientation of hydrogen 
bromide addition to allyl bromide under similar conditions suggest fairly definitely that it is 
4: 6-dibromohex-l-ene. Small quantities of hydrogen bromide are often evolved during 
bromination with N-bromosuccinimide; larger quantities are to be expected only when 
spontaneous dehydrobromination is occurring simultaneously (see, ¢.g., Dorée, McGhie, and 
Kurzer, /., 1949, 570). Under the conditions of reaction, the bromide (II; X — Br) shows 
little tendency to liberate hydrogen bromide (¢.¢., during further bromination), as might be 
expected from its structure, but the isomer (I; X < Bir) may well do so very readily, and in 
doing so may provide the source of the polymeric tar which is formed in considerable quantity. 
Kharasch, Nadenberg, and Sternfield (/. Amer. Chem. Soc., 1940, 62, 2032) have actually stated 
that a tendency to just this behaviour is exhibited by the corresponding chloride even at room 
temperature. Adequate quantities of (1; X = Br) are likely to be available for dehydro- 
bromination on the scale required, for there is reason to believe (following paper) that (I; X = 
Br) and (11; X « Br) are formed in somewhat comparable amounts in the primary bromination 
process, although the former cannot survive isolation in amounts greater than its thermodynamic 
equilibrium proportion 

The Reactivity of Diallyl towards N-Bromosuccinimide.—Bromination proceeds far less 
readily with dially! than with the singly unsaturated A'-olefin, oct-l-ene (following paper), and 
the isoprenic diene, 2: 6-dimethylocta-2:6<diene (unpublished). Our experience is that 
the use of the olefin in excess rather than in equimolecular porportion to the brominating agent 
(cf, Karrer ard Ringlhi, loc. cst.) expedites reaction and lessens contamination of the monobromide 
with by-products. However, under conditions such that reaction with the last two olefims is 
complete within 15 minutes, reaction with dially! is incomplete after two hours. Irradiation 
with ultra-violet light produces a small acceleration, but this is offset by an increase in secondary 
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compared with the allyl radical. The rate difference between oct-l-ene and diallyl is much less 
obvious, especially as Bolland (Trans. Faraday Soc., in the press) has found that peroxide 
radicals abstract a-methylene hydrogen atoms from both molecules with practically the same 
efficiency —a result which should be general for any similar hydrogen exchange. 

Added in proof. On the basis of ozonolysis results, Karrer and Per! (Hele. Chim. Acta, 1950, 
33, 36) have rejected our conclusions as presented in a preliminary note (Nature, 1949, 164, 
242), and identify the isolated monobromide as essentially CHMe2CH*CHBrCH-CH, (V), The 
analytical data supporting this view are, however, inherently uncertain (cf. ]., 1050, 915), 
and it is opposed by the diverse and fully consistent evidence reported in this and the following 
paper, and the facts that it involves unusual prototropic changes [¢.g., the conversion of (V) 
into (I; X =< CO,H) during an ordinary Grignard reaction), and that 3-bromo-1 ; 4-dienes do 
not normally exist because the lability of the bromine atom allows full rein to the conjugative 
tendency of the 1: 4-diene unit [¢.g., attempted preparations of 1-phenylallyl bromide and 
linaloy! bromide alw’y yield the isomeric cinnamyl and geranyl compounds, respectively, 
and diallyl dibromide is obtained as (IV; X = Y = Br) for the same reason), 


EXPERIMENTAL. 


Hexa-1 : 5-diene, prepared from allyl bromide (Cortese, J. Amer. Chem. Soc., 1920, §1, 2267), bad 
b. p. 59-6°/758 mm Tes infra-red spectrum reflects unambiguously the absence of any but CH, CHR-type 
unsaturation (cf. Barnard ¢f al., loc. cit.). 

Purchased and synthesised batches of N-bromosuccinimide varied greatly in efficacy. Recrystal- 
lisation trom water was found to Log consistently active material. 

Reaction of Hexa-\ : S-diene with N-Bromosuccinimide.—-(a) Karver and Ringli's conditions. The 
olefin (50-5 g., 0-62 mole), N-bromosuccinimide (89 g., 0-5 mole), carbon tetrachloride (300 ml.), and 
benzyl! peroxide (0-2 g.*) were refluxed for $ hours. Removal of the insoluble succinimide and the 
solvent, and distillation of the liquid residue gave the — fractions of 1-bromohexa-2 : 5-diene 
admixed with a little 3- war 1: S-diene: (1) 1 g., "3o— 40") 11 mm., ff 1-4963 (Pound 


C, 442; H, 5-7; Br, 50-2. C,H,Br requires C. 447; H 4; Br, 497%); (2) 21 ¢., bp. 40- 


41°/11 mmm., nif 14985; and (3) 95 g., b. p. 4l— ~—44°/11 mm, nif 1-5005 (Found : C, 445; H, 5-7; Br, 
50)- i9 4) 

nS Large excess of olefin. The olefin (131 g., 1:6 moles), N-bromosuccinimide (100 g., 0-56 mole), 
carbon tetrachloride (230 ml), and benzoyl somnide (0-2 g.) were refluxed for 4 hours. Fractionation 
of the product gave (1) 2-9 g., b. p. 39-—40°/10 mm., 1-4970 (Found: C, 445; H, 5-7; Br, 500%) 
(2) 11g., b. p. 40—41-8°/10 min., wif 14996, and (3) 12-3 g., b. p. 41-5—44°/11 mm, aff 1.5000 (Found - 
C, 44-4, H, 5-7; Br, 49-7%). 

(ce) Irradiation with ultra-violet light. The olefin (70-5 g., 0-86 mole), N-bromosuccinimide (178 g., 
1-0 mole), carbon tetrachloride (300 ml), and benzoyl peroxide (0-2 g.) were irradiated with a Hanovia 
S. 500 mercury-arc lamp 15 cm. distant and refluxed for 2-5 hours. Two fractions of the distilled i produc t 
were collected: (1) 42 g., b. p. 30-—40°/10 mm., nf 1-4980 (Found: C, 44-5; H, 5-7; Br, 50-2%), and 
(2) 13-9 g., b. p. 40—43°, 10 mm., w}f 1-490 (Found : C, 44-5; H, 5-7; Br, 49°9%) 

Ulira-violet Spectrographic Examination of Diallyl Monobromide ‘~The bulked distillate from (a) 
displayed no selective absorption between 2200 and 3400 a. 

Infra ved Spectrographic Examination of Diallyl Monobromide—The bulked distillate from (a) 
exhibited strong infra-red absorption at 965, 918, and 990cm+. Com with dially] (much stronger 
absorption at 913 and 990 cm.*, no absorption at 965 cm. -*) and allyl bromide (strong abso ra ey at 
927 and 990 cm.*, no absorption at 965 cm.) indicated that the product was essentially (11; 

For the reason given in the next paragraph, - tatio of the observed molecular extinction cnillihest 
at 965 cm.“ to that exhibited by a pure ref d does not afford an absolute measure of the 
concentration of CH:CH units. However, comparison o { the relative variations at 918 and 965 cm. in 
the several fractions yields a relative measure of the proportion of CH, “CHR and CHRCCHR groups. The 
following optical densities (determined immediately after isolation of the fractions, using ca. 4% solutions 
in carbon tetrachloride and the same absorption cell throughout) reveal that an increase in’b p. and 


refractive index reflects an increase in the proportion of the primary allylic isomer (cf. Young, Richards 
and Azorlosa, loc. cit.) : 


Bromide fraction. al bi. el. 3. a3. 63. 


nlf - eee . 14063 1.4970 1-4980 1.4990 1.5003 1-5009 
log (L/T)ere/l0g (e/Teng - . 1-64 1-61 1-06 hil wl 


In principle, two indep neste eotteatinen of Gp Smuts cemnattins 6 Be Senate 
poodecl ane Gbtuinahtn bey thas coempasians of ten antinanaae qoaineeate 4h ab Ot or 990 cm. and (ii) at 


* On the scale described, Karrer and Ringli would have added 2-08 g. The essential features of the 
reaction are obviously insensitive to the ase of an ammount more in Keeping with the catalytic réle of the 
peroxide. 

















940 The Reaction of Hexa-| : 5-diene with N-Bromosuccinimide. 


SO ge we Gunket wifes Gtenies Gon reference compounds. Since the former 
dval poe meray hyper ne absorption is due solely to the presence of 
the A* “isomer, "the camel is po’ the more sensitive. However, absorption at 
065 cm originates in the frans- of the CHR°CHR” grouping only, and hence the occurrence of 
both cis and trens-forms of the latter isomer would obviously vitiate simple analysis. That this 
situation actually prevails was evident first from the much lower proportion of the A*’*-isomer thus 
estimated as com with the derived from method (i), and secondly from the occurrence 
of absorption at 680 cm.~ attribu to the as CHR CHR” grouping (Kilpatrick and Pitzer, /. Res 
Nat. Bur. Stand, 1947, 36.191; Sheppard and Sutherland, Proc. Roy. Soe., A, Toso 949, 196. footnote p. 203) 
Since a standard value of the extinction coefficient at 965 cm.~ of a trans-dialkylethylene is available 
(Hart and Meyer, ]. Amer. Chem. Soc., 1949, 71, 1980),* comparison at this frequency serves to determine 
the concentrations of trens-I-bromohexa-2 | S-diene. Technical dithculties, as well as the absence of a 
satisfactory standard, prohibit a corresponding quantitative determination of the cis-form. It is only 
possible, therefore, to estimate the chemical isomeric composition of the bromide mixture by method 
(i); as the data collected in the following table show, the results have limited accuracy. Since the 





pan sr Composition of dially! monobromide. 
Absorbing Frequency coefficient (per 3-Bromohexa- 1-Bromohexa-2 : 5- 
Compound unit (cm."*). absorbing unit), 1: S-diene (%) diene (% trans-) 
Hexa-l:Sdiene  CHSCHR yon = 
Allyl bromide cugcnR = (32 = 
frans- 
trans-Hex-2-ene CHROCHR 96 
Balked sample from) pp, +- 918 
preparation (4) } MH CHR 990 
trans- 
CHRICHR 965 


* From Hart and Meyer, loc. cif. 


absorption at 090 cm.~' appears to be insensitive to substitutional changes in the reference 7 
comparison at this frequency is considered to provide the more reliable estimate, correct to + 
difference. css-1-bromohexa-2 . 5-diene must be present to the extent of about 22% 

4 6 Dibromohes-\-ene —Fractionation of the liquid remaining after fraction 3 from preparation (6) 
had distilled gave (4) a mixture of increasing bromine content, b. p. 53-——86°/14 mm 15121 (2-6¢.); 


and (5) a dibromide, b. p. 86—87"/14 mm., »ff 1-5215 (Pound: C, 30-1; H, 42 Cie Br, requires C, 
>i 


208. H, &1%) (O3¢ Infra-red spectroscopic examination of the dibromide established the presence 
of CHYCHR groups and the absence of CHRICHR groups; this material therefore results from the 
addition of hydrogen bromide either non-terminally to (11; X « Br) or terminally to (I; X <— Br). In 
the latter case, addition is possible at the double bond nearer to, or further from, the initially substituted 
bromine atom. No attempt has been made to determine the structure of the product formally, but the 
following deductions appear to be virtually conclusive. No selective absorption occurs between 2200— 
3400 «., and the general absorption (¢ g., log ¢ — 3-0 at 2200 a.) is much less than that of the specimen 
of dially! monobromide referred to above (¢.¢., log ¢ — 3-7 at 22004.). This difference can only mean 
that allylic bromide absorption has been replaced by alky! bromide absorption, 1.¢., hydrogen bromide 
addition may have occurred at the nearer, but not at the further, double bond in (I; X = Br). In 
accordance with the orientation of peroxide-catalysed hydrogen bromide addition to allyl bromide 

Kharasch and Mayo, Amer. Chem. Soc, 1033, 66, 2468), the resulting product will be the same as that 
obtainable from (11; X « Br), wiz, 4: 6-dibromohen-l-ene 

1: 6 Dibromohera-2 . d-diene (1V; X = Y = Br).—The residue left after isolating the diallyl 
monotromide trom preparation (¢) gave on further fractionation (3) a monobromide—dibromide 
mixture, b. p. 40-87" /12 mm. (8 ¢.); (4) an isomeric dibromide mixture, b. p. 40-—60°/0-03 mm. (14 ¢.); 
(5) 1 : 6-dibromohexa-2 : 4-diene, b. p. 60--45°/0-03 mm., m. p. 86° from light petroleum (b. p. 40-—60") 
(Found: C, 301; MH, 34 Cale. for C,H,Br,: C, 300; H, 33%). This dibromide exhibited typical 
conjogated-diene light absorption in the ultra-violet region (Aa, 2550 4. ¢ =~ 20,000); the infra-red 
spectrum showed no absorption at 915 and 990 cm.-*, but very strong absorption at 965cm.~*. A better 
synthesis is: dially! monobromide (2 ¢.), V-bromosuccinimide (2-1 g.), carbon tetrachloride (12 ml.), and 
benzoy! peroxide (0-01 g.) are refluxed for 6 hours; removal of volatile material under reduced pressure 
leaves a residue (1-6 ¢.) which solidifies on cooling and then has m. p. 86° (after crystallisation from 
light petroleum) (Pound : C, 30-4; H, 3-6%) 

Hexal | S-diene-3-carterylic Aad (1; X « COH Dially! monobromide (10 g.) in dry ether 
(60 mi.) was added during 2-5 hours to a well-stirred mixture of magnesium turnings (5 g.) and ether 
30 mi}. Reaction proceeded readily after initiation with a crystal of iodine. The solution of the 
Grignard derivative so obtained was poured quickly on powdered, solid carbon dioxide. After hydrolysis 
with ice and hydrechiorc acid and isolation in the usual way through its sodium salt, Aere-] ; 5-diene-3- 
carbonyiie actd was obtained (3-5 g.). b. p. 101-102" /12 mm. (Found ; C, 66-0; H. 81%; equiv., 126-5 
C,H requires C, 66-7; H, 7-9%; equiv, 126). Its infra-red spectrum exhibits strong absorption 
at of nd »om.~*, but no absorption at 965 cm.“ (contrast the parent bromide, p. 939). p-Bromo- 
froma yi yh 1. S-diene-3-carborylate had m. p. 32-33" after crystallisation from aqueous ethanol 
(Found . C, 35-7, H. 40; Br, 246. C,,H,, 7 requires ©, 55-8; H, 47; Br, 248%) 


* We are indebted to these authors for an advance copy of their publication. 
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- H, ¥ « Sah SA anal 09 5% sodium ethoxide 

together for 3 hours. Most of the aloohol was then distilied 

.) added, and the mixture extracted with ether. The product isolated from the ethereal! 
: edi . bd p. 46—40°/9 mm. - A Bot C, 15-8; , Rng 


i during 4 hours. : { 

in the usual way gave ethyl n- rae Ay Shab) ). b Pp | em ty mm., mf 1-4016 (Pound : “4; 
oi a 13-9. Calc. for C,H,,0: authentic sample of ethyl »-hexyl other had 
wp 14017. 

The hydrogenated ether (3 ml.) was refluxed with hydriodic acid (57%; 20 ml.) for 3 hours. After 
dilution of the cooled mixture with water, the product was recovered by ether-extraction and identified 
as w-hexyl iodide, b. p. 178°/753 mm. (2-1 g.), conversion into #-hexylisothivronium picrate, m. p 
alone or mixed with an authentic specimen 154° (from ethanol) (Found: C, 402; H, 52; 5, 80 
Cale. for C,,H,,O,N,S: C, 40-2; H, 40; S, 82%) 


Tue Barrtsn Ruseer Propvcers’ Reszaacn Association, 
Tewrm Roap, Wetwys Garpen Crry, Heers | Received, September 16th, 1049 


190. The Reaction of Oct-l-ene with N-Bromosuccinimide. 
By L. Bateman and J. I, Cunneen. 


The bromination of oct-l-ene with N-bromosuccinimide yields a monobromide mixture 
analogous to that given by hexa-! : 5<liene (preceding paper) : |-bromo-oct-2-ene and 3-bromo- 
oct-l-ene are the major and minor constituents, respectively. The relative proportions of these 
isomers agree closely with the equilibrium | formed (at 100°) by certain homologous 
bromides (Young, Richards, and Azorlosa, ]. Amer. Chem. Soc., 1939, 61, 3070). 

Different proportions of the methyloctenes are formed (a) by treating the 
bromide with methylmagnesium iodide, and (6) by treating the derived Grignard vative with 
methyl iodide. The product from the latter reaction is structurally similar to the octene 
dimer produced in a Grignard coupling reaction , the significance of this finding is discussed 

The known ready es of - lic bromides under the conditions of Z 
bromination necessarily hi i an equilibrium mixture of the isomeric brom 
Any interpretation of the pote te of the t reaction based on the composition of the product 
is therefore valueless. However, this limitation is pot generally appreciated, and hence the 
principles governing the composition of reaction products in allylic systems are reviewed 





In the preceding paper, it was shown that the monobromination product obtained from 
hexa-1 : 5-cliene (diallyl) by N-bromosuccinimide consisted of 1-bromohexa-2 : 5-diene containing 
ca. 10% of the isomeric 3-bromohexa-1 : 5-diene. Predominant substitution of the bromine 
atom at a terminal! carbon atom and displacement of the relevant double bond were established 
unequivocally by infra-red spectrographic measurements, and by diagnostically significant 
substitution of the bromine by ethoxy! ions and identification of the resulting ether. However, 
the presence in diallyl of the second CH,CH group which remains unaffected in the mono- 
brominated product renders the demonstration of the double-bond displacement by infra-red 
spectral variations far less striking, and analysis of the isomeric bromide mixture far less 
straightforward, than would be the case with a singly unsaturated A'-olefin. A parallel 
investigation of the bromination of oct-l-ene is therefore reported here 

For reasons not understood (preceding paper), oct-l-ene reacts far more readily with N-bromo- 
succinimide than does diallyl, and in boiling carbon tetrachloride containing a little benzoyl 
peroxide reaction is complete within 15 minutes. Analytically pure octene monobromide * 
boils over a range of about 8° and exhibits infra-red absorption which affords detailed information 
about its composition. In contrast to the parent hydrocarbon (1; X = H), strong absorption 
occurs at 965 cm.-', while absorption at 924 and 990 cm." is much weaker, The 965 cm. 


(L) CHy(CH),CHX-CH°CH, CHY(CH) yCHICH-CH,X (IL) 
band specifies the presence of CHR{CHR’; the later bands denote a reduction in the concen- 
tration of CH,CHR groups. Quantitative comparison of the molecular extinction coefficient 
* Throughout this paper “octene monobromide"’ designates the isolated substitution product 


irrespective of its isomeric composition. 
SP 
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at 924 cm.“ of a typical reaction product of the boiling range given above with that found for 
the parent hydrocarbon showed the sample to consist of a mixture of cis- and trans-1-bromo- 
oct-2-ene (11; X = Br) and of 3-bromo-oct-l-cne (I; X — Br), containing 17 + 3% of the 
latter. The proportions of the |-bromo-A* and the 3-bromo-A'-isomer in this mixture agree 
exactly (within experimental error) with the measured compositions of the homologous butenyl, 
penteny!, and hexeny! bromides equilibrated at 100° (Young, Richards, and Azorlosa, ]. Amer. 
Chem. Soc., 193%, 61, 3070) in which the 3-bromo-A'- isomers are present to the extent of 14°5, 19°9, 
and 14°2%, respectively. The boiling-point variation is obviously indicative of partial isomeric 
separation on distillation; as with diallyl (preceding paper), differences in the infra-red spectra 
and refractive indices of small head and tail fractions demonstrated the accumulation of the 
3-bromo- and |-bromo-isomers in the lower- and higher-boiling material, respectively. 

Carboxylation of the Grignard derivative of the octene bromide mixture yields homogeneous 
oct-1-ene-B-carboaylic acid (1; X « CO,H) (p-bromophenacy/ ester, m. p, 47-—47°5") which displays 
no infra-red absorption at 965 cm.-', but absorbs at 915 and 990 cm.~' with an intensity 
practically identical with that observed with oct-l-ene. This conversion of a bromide existing 
mainly in the primary allylic form (11) into an acid having entirely the secondary allylic structure 
1) parallels exactly the behaviour of buteny! (Lane, Roberts, and Young, J]. Amer. Chem. Soc., 
1944, 66, 543) and gerany! (Barnard and Bateman, /., 1960, 932) halides. 

Reaction of the heterogeneous bromide with methylmagnesium iodide yielded a nonene 
mixture of (I; X = CH,) and (II; X « CH,) in proportion similar to those of the bromides 
This finding is somewhat at variance with the product composition reported for the reaction 
. between ethylally! bromide (of unknown isomeric composition) and ethylmagnesium bromide 
(Prévost, Compt. rend., 1928, 187, 946; Prévost and Daujat, Bull. Soc. chim., 1930, 47, 588). 
Apart from any difference characteristic of the individual systems, the analytical procedure 
adopted by these authors (separate isolation and identification by oxidative degradation of the 
pure isomers) would appear to be quantitatively uncertain—a criticism which receives support 
from a similar discrepancy between the proportion of isomers produced in the Grignard coupling 
reaction of ethylallyimagnesiom bromide as thus determined (Prévost and Richard, Budi. Soc. 
chim., 1931, 48, 1368) and the corresponding proportion obtained from crotylmagnesium 
bromide as carefully analysed by Young, Roberts, and Wax (/. Amer, Chem. Soc., 1945, 67, 841). 
In contrast, gqaction of the Grignard derivative of the bromide with methy! iodide yielded a 
nonene mixture of quite different isomeric composition, the proportion of (II; X — Me) now 
being very small (ca. 8%). A similar result is derived from the structure of the hydrocarbon dimer 
isolated from the Grignard derivative, which proved to be essentially the unsymmetrical 
é-vinyltetradec-8-ene. The reaction scheme summarises the results, which have a significant 
bearing on the mechaniam of the conpling reaction and consequently on the nature of the 


{‘ Hy CH, ¢CHOCH4 H, fry 83%, MeMgl PCH, CH, -CHICH CH Me 
Cy CH, gCHBrCILCH,! 17%, — (CHy CH, -CHMe< HOCH, 
Mel {‘ H, CH, ~CH(CH- CH Me 

ee CHy CH, ~CHMeCHUOCH, 


’ 
Grignard derivative Couplong reaction 
> 


CHY'CH,Y -CH-CHICH, 
CH CH, -CHICH-CH, 


Grignard derivative itself. In this example, the coupling reaction is clearly a special case of the 
decomposition of the Grignard compound by an alky! halide, and illustrates the tendency of 
allyimagnesiuom halides to behave as if the MgHal unit were attached to the secondary (or 
tertiary) allylic, rather than to the primary allylic, carbon atom (Roberts and Young, ]. Amer. 
Chem, Soe., 1048, 1472, 68; cf. J., 1960, 932). This characteristic, which is not shared by 
the parent allylic halides (as the reaction now reported with methylmagnesium iodide 
demonstrates) could be taken as evidence that the MgHal group is actually attached to the 
secondary (or tertiary) carbon atom. However, Young and Roberts (Joc. otf.) have carefully 
considered, and rejected, this deduction, and their arguments, although similarly inconclusive, 
appear very convincing. Accordingly, we interpret the mechanism of those reactions leading 
specifically to rearranged derivatives in terms of the intense polarity of the C-Mg bond. This 
polarity creates centres of high nucleophilic potential at both primary and secondary (or tertiary) 
carbon atoms, but since incipient ionisation of the MgHa! group will be favoured by distribution 
of the unlike charges, reactivity at the latter position will be enhanced. Also, in reactions with 
alky! halides or carbonyl compounds, the electrophilic power of the semi-cationic MgHal unit 
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will powerfully assist the necessary polarisation of these reagents in a process sterically conducive 
to the mutual! development of the complementary electronic displacements : 


RERIC CHC, 


L, * 


pects MeHal 
te 


Factors enhancing the importance of alternative decompositions, and thus leading to greater 
complexity of reaction products in certain substituted allylic systems, are discussed elsewhere 
UJ., 1950, 932). 

Correlation between Reaction Mechanisms and the Composition of Products im Allylic Systems.— 
The contribution of the data recorded in this and the preceding paper to the understanding of 
the mechanism of Ziegler bromination and related reactions merits consideration, particularly 
as Dewar (“ The Electronic Theory of Organic Chemistry,"’ Oxford, 1949, p. 273) has recently 
presented a misleading argument that confirmatory evidence for a free-radical reaction 
mechanism would be obtained if 1-bromo-A*compounds were found to be the major products in 
the systems now considered.* We agree that certain features of the reaction as now conducted, 
viz., marked catalysis by benzoy! peroxide and by ultra-violet light, afford almost compelling 
evidence for this type of mechanism, and the chain reaction first suggested by Bloomfield (/., 
1944, 114) is highly plausible. Quite definitely, however, our identification of the mono- 
bromides isolated from diallyl (preceding paper) and oct-l-ene as equilibrium mixtures of the 
allylic isomerides offers no critical information about the course of the primary substitution 
process. As emphasised in a discussion of anionotropy and related reactions (Catchpole, Hughes, 
and Ingold, /., 1948, 8; de la Mare, Hughes, and Ingold, ibid., p. 17), reaction products from 
interconvertible isomeric systems have significance in a mechanistic sense only when they are 
representative of Aimetic as distinct from thermodynamic control, i.¢., the products formed in the 
reaction concerned are stable towards isomerisation under the conditions of reaction and 
subsequent isolation. Dewar dismisses the possibility of interconversion of the bromides 
resulting from Ziegler bromination in the sentence ‘ Since the reaction is carried out in a non- 
polar solvent, the product cannot be formed by anionotropic rearrangement i? 
“ anionotropic rearrangement " here denotes a process in which free bromide and carbonium 
ions participate, this statement is literally true, but it is quite unrelated to the facts concerning 
the ease of isomerisation of allylic bromides (Young et al., Joc. cit.) and accordingly is irrelevant. 
The isomeric mobility of the liquid bromides is such that to obtain the pure isomers separately 
very careful and efficient fractionation at temperatures below ca, 20° is required. Reversion of 
the pure compounds to mixtures occurs readily on warming, and contaminants such as hydrogen 
bromide or peroxides—-both of which are present in the reactions now considered—are powerful 
catalysts which facilitate this change even at room temperature (Kharasch, Margolis, and 
Mayo, J. Org. Chem., 1936, 1, 393; Young ef al., loc. cit.; unpublished observations by Mr. 
D. B, England working in Professor Ingold’s laboratory). The remoteness of kinetic control 
over the products isolated from the N-bromosuccinimide reactions also becomes obvious by 
reference to other systems involving bromine addition to allylic systems, viz., the combination 
of butadiene with bromine (Farmer, Lawrence, and Thorpe, /., 1928, 720) and hydrogen bromide 
(Kharasch ef al., loc. cit.). In these cases, the futility of attempting to ascertain the initial 
proportions of 1 : 2- and 1 : 4-addition from experiments performed in boiling carbon tetrachloride 
would be universally recognised. 
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of an allylic substituent in a reaction where the allylic residue (ion or radical) is without free 
existence leads to an isomerically homogeneous product; and (ii) that in a similar replacement 
where the allylic residue has free existence a mixture of isomerides results such that the proportion 
of the less stable isomer much exceeds the equilibrium value. As the theoretical] basis of this 
behaviour and a wide survey of its ramifications have already been presented (Catchpole, Hughes, 
and Ingold loc. cit.; de la Mare, Hughes, and Ingold, joc. cit.), it remains here only to cite 
ertain examples pertinent to the investigations described in this and the preceding papers. 

Product compositions governed by conditions (i) are clearly discernible in the interactions of 
allyimagnesium halides with carbonyl compounds (see, ¢g., /., 1960, 932), where secondary 
or tertiary) allylic derivatives are obtained irrespective of whether the Grignard complex is 
prepared from either form of pure halides or from mixtures (Young and Roberts, J]. Amer. Chem 
Sec., 1045, 67, 148). As Young and Roberts argue, the definite structural course of these 
reactions implies a specific bimolecular transition state. A similar factor undoubtedly operates 
in the reactions between diallyl or allylbenzene and maleic anhydride or azodicarboxylic ester, 
where the isolated |: 1 adducts consist solely of hexa-1 : 4-diene or propenylbenzene (cinnamy!}) 
lerivatives (Alder, Pascher, and Schmitz, Ber., 1943, 76, 27). Since the free-radical reaction 
nechanism postulated by Alder ¢f al, cannot be seriously maintained on the evidence presented,* 
it is probably truce, as the composition of the product indicates, that the reaction proceeds 
through an olefin-addendum complex, probably of the type envisaged for Diels-Alder reactions 
see Koch, /., 148, L111 

The alternative method of reaction (ii) was considered by Hughes, Ingold, and their 
co-workers (loc, eit.) for examples involving ionic allylic intermediates. Allylic free radicals 
should necessarily exhibit the same general behaviour, for this merely reflects commonly accepted 
oncepts concerning mesomeric entities. Few comparative data exist, but the following are 
illustrative. (@) In methylally! halides, the equilibrium proportion of the minor constituent, 
the I-methylally! isomer, is about 10-15% between 0° and 100° However, in reactions of the 
mesomeric methylallyl cation with nucleophilic addenda, combination occurs to the extent of 
55%, at the primary, and 45% at the secondary, allylic carbon atom : 


(CHMeCHCHy Hal (~85—-90%) x [CHMeICH-CH,X ~55% 


* 
> MeCHCH:CH, —> 


1 
> 
) ) 


, + 
HalCHMelCHICH, (~10--15%)) [X-CHMeCHICH, (~45% 
(equilibrium mixture (non-equilibriam mixture 


b) Autoxidation of ethyl linoleate (Bolland, Proc. Roy. Soc., 1946, A, 186, 218) is a chain reaction 
in which the free radical formed by loss of a hydrogen atom from the CH, group of the 1 : 4-diene 
unit adds one molecule of oxygen, and the resulting peroxide radical then reacts with the 
parent ester to produce a hydroperoxide and also the original substituted pentadieny! radical! 
Bolland and Koch (J/., 1045, 445; cf. Lindberg, Chipault, and Hendrickson, /. Amer. O1/ 
Chemists’ Soc., 1949 26, 109) have determined the extent to which oxygen adds centrally or 
terminally to the pentadienyl radical by estimating spectrographically the proportion of 
onjugated diene in the hydroperoxide formed ; approximately 70% f of the oxidised molecules 
possess the rearranged structure 


CHy (CH) CHICH-CHCHICH{CH,) -CO,Et_ —> 
. (R-CH(O,H)-CH:CH-CH:CH-R 
R-CH-CH-CH-CH-CHCR > | RCHICH-CHICH-CH(O,H)-R’/ 
R-CHICH-CH(O,H)-CHICH-R 30% 


The smal! preponderance of free-radical] activity at the terminal carbon atoms thus demonstrated 
4 to be contrasted, in the same way as in (a4), with the fact that thermal- or alkali-induced 
wormerisation of eguivalently substituted | 4- to 1: 3-diene molecules proceeds nearly to completion. 


fosted in the partial retention of activity by the products of Sy! reactions of certain optically active 
halides (Bateman of al, lee. ct in radical chain reactions it will clearly tend to intrude if environmental 
factors render the life of a radical abnormally short 

* A tree radical reaction, catalysed by benzoyl peroxide occurs between natural rubber and 
maleinimides at a much lower temperature than the olefin-maletc anhydride reactions now referred to 
(Delalande, Proe. /nternational Congress of Pure and Applied Chem., London, 1947, in the press) 

* In their publication, Bolland and Koch gave this figure as 706—85% owing to uncertainty as to the 
characteristic extinction coefficient of the pure conjugated diene More recent data (Bergstrom and 
Holman, Nature, 1968, 16]. 55) have largely resolved the encertaintvy. We are indebted to Dr. Koch for 
informing us of the figure quoted 





[1950) Oct-l-ene with N-Bromosuccinimide. 945 


Although data sufficiently accurate for significant comparison cannot be quoted, similar 
rearrangement occurs in reactions involving simple allylic radicals: a physical implication of 
the comparably high resonance energies of the two types of radical (allyl, 19 kcals. /g.-mol. ; 
pentadieny!, 30 kcals./g.-mol., Bolland and Orr, Trams, Jmst. Rubber Ind., 1045, 21, 133) is that 
the stmilarity should be roughly quantitative, and the behaviour of allylic cations described under 
(a) affords convincing, if indirect, corroboration. Therefore, if bromination of A'-olefins with 
N-bromosuccinimide proceeds by a radical chain mechanism we should expect a mixture of the 
1-bromo-A*- and 3-bromo-A'-compounds to be formed in which the proportion of the latter is 
substantial, t.¢., probably ca. 40%, and certainly far more than the proportion present in the 
equilibrium mixture. Clearly then, the isolation of isomeric bromides from the diallyl and 
oct-l-ene reactions in relative amounts numerically the same as their equilibrium proportions, 
far from offering confirmatory evidence, is not directly related to such a mechanism. 


EXPERIMENTAL. 


Purchased oct-l-ene of American origin was found to contain <1% of non-terminal unsaturation. 
Fractionation through a Fenske-type column yielded a substantial fore-fraction, b. p. 120-1°/745 mm., 
free from this impurity 

Reaction of Uct-\-ene asth N-Bromosuccommmide.——Oct-l-ene (i112 g -mol.), N-bromosuccinimide 

(preceding paper) (63 g., 0-35 g.-mol.), carbon tetrachloride | p00 wal.) and wm ad meee lt 4 he 
canned for 20 minutes, during which the imide reacted completely. When the product was worked up as 
usual, a liquid (63 g.) was obtained which on fractionation gave the follo mixtures of 1-bromo-oct-2-ene 
(11; X « Br) and 3-bromo-oct-l-ene (I; X = Br): (1) 153¢., b. p. 71-—73°/10 mm., nf} 1-4462 (Found 
C, 3; H, 7-9; Br, 421. C,H, Br ires C, 00-3; H,7-9; Br, 41-90%) }; (2) 248g. b. p. 73-—79"/10 
am, ot bes Henne C, 50-1; H, 7-9; Br, 42-2%) 

Infra-red S apis Examination of Octene Monobromide —Fractions (1) and (2) exhibited strong 
absorption at Somat (in contrast to the parent olefin which is non-absorbing at this frequency) and 
weaker absorption at 924 cm. and 990 cm.*. 

titative estimation of the ae ge en of the bulked product was carried out as described 
for dially] monobromide ( of cis- and trens-|-bromo-A*-isomer was again 
evident, but in the sauneel exam Nhe > fact that ye compounds possess only one olefinic centre 
measurement of the concentration of the component CH,.CHR groups, :.¢., of 3-bromo-oct-l-ene, much 
more sensitive than with the mixture of substituted hexa-1 : 4- and hexa-1 : 5-dienes. The relevant 
lata are: 





Frequency, Molecular extinction coefficient : 3-Bromo- trans-\-Bromo- 
com., observed. standard. oct-l-ene, %. oct-2-ene, %. 
om4* 20 117 1743 _ 

965 66 150 - 44 

* The strong absorption occurring maximally at 065 cm.~* y overlaps the 990 cm.~' absorption 

band, and thus prevents an equivalent estimate of the CH,CHR group concentration being ved. 


The presence of cts-l-bromo-oct-2-ene (the above analysis indicates about 40%) was confirmed 
qualitatively by the existence of a broad absorption band at 680 cm. 

Oct-1-ene-3-carborylic Acid (1; X — CO,H).—Octene bromide (20 g.) in dry ether (100 m1.) was added 
very slowly (during 2-5 hours) to magnesium turnings (8-6 g.) and ether (45 ml). On completion of 
reaction (which ceded steadily after initiation with a crystal of iodine) the solution was poured 
rapidly on a well-stirred excess of powdered carbon dioxide. The acidic product isolated by the usual 
procedure through its sodium salt proved to be the pure oct-1-ene-3-carboxylic acid (8 g.), b. p. 128° 
(Found: C, 600; H, 102%; equiv., 154. C,H,,O, requires C, 69-2; H, 103%; equiv., 156) 
infra-red spectrum displayed no absorption a 968 cm. (indicating the complete absence of CH:CH 
groups), but strong absorption at 915 and 900 oa ad Bromophenacyi oct-\-ene-3-carboxylate had m £ 

47—47-5° after crystallisation from aqueous ethanol (Found: C, "Co ST4 4 H,@1; Br, 22-8. C,,H,,O, 
requires C, 57-8; H, 6-0; Br, 22-7%). 

Methyloctenes —(a) From octene monobromide and methyl sium iodide. Octene monobromide 
(10 g.) in dry ether (15 ml.) was added during 20 minutes to a ight excess of methyl um iodide 
in ether (30 ml). A vigorous reaction occurred after each 


aqueous ammonium chloride, and the prod 

non- -S-ene (Il; X = Me) and 3-methyloct-l-ene(I ; b. p. 190-—194°/754 

mm., #? 1-4210 (Found : C, 85-5; H, 143. Cale. tor, j, and (2) 29¢.,b 
—136°/754 mm., wf 1-4216 (Found: C, 856; H., The isomeric of t 

fractions was found by in infra-red 

bromide : 











Carroll, Danby, Eddy, and Hinshelwood : 


om intensities at rt wy 900 cm. (strong) and at 065 cm.~* (weak), the concentration 
92 


from 6 g. of octene monobromide was refluxed 
in ether for 10 minutes, cooled, and with ice and dilute hydrochloric acid, and the product 
collecterl in the usual way and fractionated. After a fore-ran of some octene, a fraction, b. p. 135-—136°/13 
mm, wif 14508 (F : C, 865; H, 13-7. Cy.H,, requires C, 86-4; H, 13-6%) (3 ¢), was collected. 
The near constancy of the boiling t offers strong evidence of structural homogeneity, and. since the 
relative intensities of infra-red a jon at 065, 910, and 99) cm.“ indicate that CHSCHR and 


CHICCHK groups are t in similar concentration, this bydrocarbon is considered to be 
D vtwyltetradec-4 ema, petal euntamaantes with a small amount of isomer 


The work described in this and the perry Us od forms part of a programme of funda mental 
research undertaken by the Board of the British Ra Producers’ Kesearch Association 
Berrian Rosser Paovucers’ Raeskaacu Association, 
48 Tewrs Roan, Weiwyy Gagpew Crry, Heers (Received, September 16th, 1949 


191. The Uptake of Alkali Metals by Bacteria, 
By T. C. N. Carport, C. J. Dansy, A. A. Eppy, and Sre Cram Hixsnetwoop 


By means of radio-active tracers the uptake of potassium, rubidium, and sodium ions by a 
strain of Bact. lactis aerogenes growing on a single synthetic medium has been investigated 

The heaviest growth ts su agen by potassium, but the cells can also take up rubidium and 
they can accumulate potassiam and rubidium in the ratio 5:2 from a medium containing 
roughly equal concentrations of these twoions. They are, however, unable to take up detectable 
amounts of sodium from a mixture of sodium and rubidium. The accumulation of rubitium in 
the bacteria under the conditions of the test amounted to about 60%, of the total present 
Previous work has shown the corresponding figure for potassiam to be 97%, 

That the ion which actually finds its way into the cells is really rubidiam was verified by 
measuring the radic-active decay constant of bacteria grown in presence of active rubidium 
and subsequently dried. 


It has previously been shown (Danby, Eddy, and Hinshelwood, Proc. Roy. Soc., B, 1950, 136, 544) 
that, as might be expected from much previous work on cells of different kinds, the presence of 
potassium is essential for the growth of Bact. lactis aerogenes in various synthetic media con- 
taining simple carbon and nitrogen sources. (References to the work of Conway and O'Malley, 
Leibowitz and Kupermintz, Pulver and Verzar, and others are given in the publication cited 
With the available chemical reagents an amount of potassium sufficient to support a small 
bacterial population (60 millions’/ml.) was always present but further additions of potassium 
chloride increased this population linearly. Of the other alkali ions, rubidium alone seemed 
capable of filling the réle of potassium in the cell, additions of rubidium chloride raising the 
population, though less effectively than did corresponding amounts of potassium chloride. 

A detailed study of the relations between the bacterial population and the initial hydrion 
and potassigm concentrations in glucose-ammonium sulphate media showed that hydrion 
antagonises the action of potassium. The facts were confirmed by measurements of the uptake 
by the cells of the radio-active isotope @K. In the range where the population was dependent 
on the potassium concentration the bacteria could take up 97%, of the potassium available 
in the medium. This could be washed out of the cells by acid 

In the present work these observations have been confirmed and extended. In the first place, 
proof was desired that rubidium did in fact enter the cells and that the growth had not been due 
to impurities of potassium. “Rb was therefore added to the medium. From measurements of 
the activity of the final culture before and after centnfugation and from the activity of the 
separated bacteria, it was shown that radioactivity was present in the cells. The magnitude of 
the decay constant, moreover, confirmed that this was in fact due to rubidium. In the second 
place, comparisons were made of the uptake of the three ions sodium, potassium, and rubidium 
by use of the appropriate isotopes. The result showed that rubidium can be taken up in 
competition with potassium but less readily, while sodium is not taken up at all from a mixture 
of sodium and rubidium 

M ethods.--The methods for the cultivation of the bacteria were those previously described 
(reference above), a standard strain of Bact. lactis aerogenes being maintained by serial subculture 
at 40°0° in a medium containing glucose, ammonium sulphate, magnesium sulphate, and an 
ammonium phosphate buffer. For the experiments to be described suitable additions of the 
appropriate alkali metals were made to the medium as required. The changes in cell population 
were determined by a turbidimetric technique calibrated with suspensions of known count. 
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The radio-active alkali metals were obtained by neutron uradiation of the carbonates at 
A.E.R.E., Harwell. The weighed samples of active materials were neutralised with the 
calculated quantity of acid and standard solutions made up. From activity measurements on 
these standards and the known half-lives of the radio-elements the relation between the observed 
rate of count of a sample at any time and the concentration of the corresponding alkali metal 
could be obtained. 

The activity measurements were made with a liquid-type Geiger counter of about 10-ml. 
capacity. The electronic counting equipment followed conventional lines and was built in the 
laboratory. The recovery time of each Geiger tube was measured with a calibrated oscilloscope 
and a paralysis—time circuit in the amplifier set to a value some 10% greater, the appropriate 
corrections being applied to the observed rates of count. 

The problem arose of determining the activity of a bacterial suspension which had been 
separated from an active supernatant liquid. Since it is impossible to remove all adhering fluid 
by centrifugation, and washing of the cells is not permissible, a method similar to the method of 
residues in phase-rule studies was adopted. For example, 10 m1. of a suspension were centrifuged 
and 9 ml. of the cell-free supernatant liquid taken for test. The remaining | ml. was left with 
the cells. From a knowledge of the activity of this concentrated suspension and of the 
supernatant liquid itself the activity of the cells themselves is calculable. 

The similarity between the half-lives of “Na (i14°8 hours) and “K (12°4 hours), and the fact 
that they are both y-emitters, makes it difficult to analyse a mixture of the two either by measure- 
ment of the decay curves or by absorption measurements, But each component in a mixture of 
*Kb and “Na, or of “Rb and @K, can be readily estimated, ance “Kb is a simple §-emitter and 
has a half-life of 19°5 days. Accordingly, the form of the composite decay curves was used to 
determine the amounts of the individual jons taken up by cells grown on the one hand in mixtures 
of rubidium and sodium and on the other in mixtures of rulodium and potassium 

There is, in such experiments, the possibility that one of the various alkali ions, once they 
reach low concentrations in the medium, might be selectively taken up by the cells. It is even 
more likely that one or the other might suffer displacement by hydrion if the medium were 
allowed to become acid. To ensure that neither of these factors came into play conditions were 
so chosen that the maximum bacterial population which the medium could support was limited 
by the glucose concentration. At the value chosen there were always appreciable amounts of 


alkali son remaining outside the cells, and the pH changed little from its initial value of 7°10, 


EXPERIMENTAL. 


1) Growth with Ruindium oniy.—-lTubes containing medium with the appropriate amounts of added 
active rubidium were inoculated and at the suitable stage of growth the contents were centrifuged, 
samples of 10 ml. being used. 9 Ml. of the supernatant liquid were drawn off, the remaining | ml. bein 
left with the total amount of cell material. The samples were tested in a liquid counter, the origina 
culture and the separated cells after dilution in a known ratio so as to obtain a convenient counting rate 
(4000 10,000 counts minute), and the su tant liquid after being made up to a standard volume 
with water. From the various counts and dilution factors the activity in cells and (supernatant liquid 
was calculated. Two independent values for the activity of the cells are obtainable, one from (separated 
cells with I ml. of liquid) and (supernatant liquid), the other from (tota! culture) and (supernatant liquid). 
The results are given in Table | (sec next section). 

The bacteria from one of the samples were washed and dried in a smal! aluminium dish, and the rate 
of count was determined at intervals over a period long enough to give the decay constant. The decay 
was compared with that of standard “Rb sam repared {rom the stock solution directly. 

2) Growth with Rubidium and Sodium.—A culture medium was made up to contain a ximately 
10 g.-ions of active Rb and 5 g.-ions of active Na per!. The general procedure was then as ibed for 
the experiments with rubidium alone. The activities of tota! cultures, supernatant liquids, and separated 
cells were all measured (4) as soon as possible after growth and (6) after 5 days, by which time only the 
rubidium contributes appreciably to the total activity ("Na and “K fall to about 10° of the initial 
activity in 6 days). By a emapelating back the readings from (6) one can obtain the activity due to Rb 
at the time of (e) and so the activity due to the “Na at that time. Both the activities are 
then extrapolated to that time at which the growth of the culture is deemed to have terminated. Factors 
for conversion of activity to concentration were obtained J measurements on the standard solutions 
and referred in each case to zero time. Results are given in Tabie LI. 

(3) Growth with Rubidium and Potassium.—-Procedure was similar to that described under (2). 
The calculations are somewhat more elaborate since, in contrast with the previous case, the 

of saraple 


results are given in Table III. 


(1) Rubidium.—The measurements recorded in Table I are values corrected for the various 
dilution factors. The different horizontal lines refer to various cultures sampled when growth 
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had proceeded to a bacterial population which is expressed in the first column as a fraction of 
what the particular medium could have supported had time been allowed. 

It is evident that the cells take up as much as 60% of the total rubidium supplied in the 
mediam, but that after growth has ceased they give it up again. Previous experiments with 
potassium showed that the loss is due to the formation of acid in the medium by the continued 
fermentation of the glucose 


Taste I 


U ptake of rubsdiwm. 
inactive potassium, 1-1 x 10% ¢-ions/l.; radio-active rubidium, 99 x 10° g -ioms,/ 
M 40-emmontom ton (buffer ¢ } 
Growth ceased at bacterial population of 240 milhoms jm! 
Activit Activity of Act 
ow A me - wy % of total Rb taken up by cells, 
by difference 
MS 
M2 
516 
556 
“4 
7 
oT) 
0 


1 
12 bre. later 
12 bre later 


~~ 05 0S 06 


All activities are given as counts/min. « 10* 


Taste (II). 
Growth in presence of rubidium and sodium 
Medium also contained > tmactive potassium, 1-1 x 10% g.-cons/mi. ; ™/40-ammonium ton (buffer 
com stilwent) 
Crowth was restricted to about 100 millions /mi. by limitation of glucose, otherwise 200 millions | ml 
would have been reached 
Alkali metal in cells (expressed as an 
Alkali-metal concnms., gm.-ions/}. « 1* equivalent concn. in the medium 
Whole culture Supernatant liquid Direct measurement By difference 
Rb : Rb Na Rb Na Na 
i3b0 10-5 55 21 “ 2-6 06 
26 10-4 63 ‘ ov 
ie f 10-0 79 1-7 ” (—14 


Taste Ill 
Growth im presence of rubidium and potassium 

Medium also contamned : inactive potassium, 1-1 « 10° g.-ions/] ; M/40-ammonium ion (buffer 

comstitwent |. 
Growth was restricted fo 200 millions mi. by limitation of glucose, otherwise 400 milisons mi. would 

have been reached 
Alkali metal in cells (expressed as equivalent 
Alkali-meta! concns. g -ions/! lu concn in medium 

Whole culture Supernatant liquid, Direct measurement, By difference, 
Rb K K kK K 
vy woo : 27 56 q so 
se 13-8 5 3 . 10-9 


The decay constant corresponding to a half-life of 19°90 days makes the identification of the 
alkali metal in the cells with rubidium quite certain 

(2) Rubidium and Sodium.—-Here growth was limited by exhaustion of the glucose, the 
concentration of this being kept low to prevent fermentation at the end of growth. Consequentiy 
the total uptake of alkali is proportionately less than in (1 No sodium could be found in the 
cells in the direct test. The amount found by the difference method was either zero or, as a 
result of manipulative losses, negative (Table I! 

3) Rubidium and Potassiwm.—Here again growth was deliberately controlled by limitation 
of glucose supply so that rubidium and potassium should complete on approximately equal 
terms throughout The total uptake is therefore far less than it could be. The amount of 
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rubidium consumed is approximately 40% of the potassium. Tho actual form of the radio- 
active-decay curves confirmed the presence of the two metals with their respective half-lives 
(Table III). 


One of the authors (A. A. E.) is in receipt of a maintenance grant from the Institute of Brewing. 
Puysicat Cuemisrry Lasoratory, Oxrorp Uwniversrry. (Received, December 22nd, 1949. 


192. Germanium (Germanyl) Ferrocyanide. 
By M. Peisacn, W. Puon, and F. Senna. 


lonised ferrocyanides react with acid solutions of germanium dioxide to form an insoluble 
white jtate. The reaction can be used as a qualitative test for germanium and, under 
pr itions, leads to a product of definite composition, namely germany! ferrocyanide, 
Ge(OH),),Fe(CN), or (GeO), Fe(CN),.2H,O 





In~so.vus.e ferrocyanides of quadrivalent titanium, zirconium, thorium, and tin are well known 
(Gmelin, “ Handbuch der Anorganischen Chemie,” Sth Edn., System No, 59, Part B. 
1930, p. 604), but no corresponding compound of germanium has been described hitherto 
Many years ago, one of us (F. S.) observed that a white precipitate appeared when an acid 
solution of germanium chloride was treated with potassium ferrocyanide. The nature of this 
precipitate and the conditions necessary for the preparation of germanyl ferrocyanide are now 
desc , 


The formation of a white precipitate, or even a colloidal opalescence, on treatment with 
ferrocyanide may well serve as a useful qualitative test for germanium. This element is usually 
associated in minerals with arsenic and is separated from other metals by distillation of the 
volatile chloride from hydrochloric acid solutions. However, even with the utmost precautions 
to keep arsenic in the quinquevalent state the distillate contains some arsenic which then 
inteferes with the simple test for germanium by precipitation as the white sulphide. Neither 
tervalent nor quinquevalent arsenic gives a precipitate with ferrocyanides (Gmelin, op. cit., 
p- 607). Hence, if the distillate is treated with potassium ferrocyanide solution the appe 
of a precipitate is evidence of the presence of germanium. One part of germanium in 10,000 
parts of solution gives an opalescence ; larger amounts give a white gelatinous precipitate 

The nature and appearance of this precipitate vary with the conditions. In slightly acid 
solution there may be a time lag of an hour or more before precipitation, but it is shortened by 
increasing the acidity of the solution and by raising the temperature; the optimum conditions 
appear to be an acidity at least equivalent to 4n-hydrochloric acid and a temperature of 50— 
60°. The appearance of opalescence or a precipitate, depending on the concentration of 
germanium, is then a matter of seconds. Sulphuric, acetic, and chloroacetic acid are much 
less effective in coagulating the initial sol; and if the temperature exceeds 70” the inital white 
precipitate becomes blue rather quickly. 

This colour change is undoubtedly due to the formation of Prussian-blue by decomposition 
of the excess of ferrocyanide in the strongly acid solution (Gmelin, op. ci., p. 684), It takes 
place slowly in the cold, even in the dark and in the absence of air, but rapidly if a large excess 
of ferrocyanide is employed. Consequently, in the early part of the work it was impossible to 
get a product of uniform composition. Later, it was found that if the ratio of ferrocyanide to 
germanium does not exceed one g.-ion per g.-atom the precipitate darkens only slowly during 
several days. This is fortunate because the gelatinous precipitate cannot be filtered off and, as 
it is highly retentive of adsorbed electrolytes, its washing by decantation and centrifugation 
occupies several days. Under the most favourable conditions encountered the final product had 
acquired a pale mauve tinge. This product was found to contain two atomic proportions 
of germanium for each ferrocyanide radical) and its analysis corresponds with the empirical formula 
(GeO), Fe(CN),,.2H,O or [Ge(OH),),Fe(CN),. X-Ray structure analysis is the only means of 
establishing unequivocally which is the actual structure. No compound even approximating 
in composition to GeFe(CN), has been detected in this work, and this is in accord with the 
general chemistry of germanium, for there is no recorded compound of this element in which 
the occurrence of a simple quadrivalent germanium ion has been estalished. 

A similar zircony! ferrocyanide, (ZrO),Fe(CN),, has been described by Weiball (Lunds Univ. 
Arsskr., 1881-82, II, 18, No. 5, 40), though Venable and Mochimann (J. Amer. Chem. Soc., 
1922, 44, 1705) obtained products with ferrocyanide-zircony! ratios as high as 3:4. Our 
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experience with the germanium ferrocyanide leads us to suspect, however, that the American 
authors’ products were highly contaminated with Prussian-biue. 


EXPERIMENTAL. 


Germany! Ferrocyantde — Pare ger ; dioxide (4 g.) was dissolved in hot Sw-sodiuam hydroxide 
(100 mi.). The solution was diluted to 400 ml. Gitered from a trace of undissolved oxide, neutralised 
with hydrochloric acid. and treated with concentrated hydrochloric acid to bring the acidity to 5n. 
The temperature was adjusted to @°. Precipitation was made with 0-2u-potassiam ferrocyanide 
(200 mi.) 

The only practical way of washing the pure, white, bulky, and gelatinous precipitate was by settling 
and decantation. Hecause cach settling period was of the order of a day the whole process of washing 
was extremely tedious and led to continuous darkening of the product. After the fourth wash the 
prectpttate was dried ts eaeme for several days, becoming then more granalar Further washing with 
water was then possible in a much shorter time and without appreciable decomposition. Finally, the 
Motwt precipitate was centrifuged 10 times with «mall amounts of ether to ensure complete remova! of 
adsorbed hydrochloric scid. Alcohol could not be used for this purpose, for it tended to peptise the 
material, The product was then dried in sacwo 

it was a pale mauve powder which was quite stable in air and showed no tendency to become biue 
after many weeks’ exposure to the laboratory atmosphere. Some samples that had been jess thoroughly 
washed di become on storage. A thin film of Prussian-blue could often be seen over the suriace of 
the precipitate in the centrifuge tabe 

Analyns.—-Germanium was determined as MggGeOQ, by a modification of Muller's method (/. Amer 
Chem, Soc, 1022, 44, 2493). Modification was necessary because germanyl ferrocyanide is insoluble in 
water and in ackis. It does however dissolve in caustic alkalis and in aqueous ammonia. An 
ammoniacal solution of the sample was therefore treated with ammonium sulphate-magnesium sulphate 
solution, Lhe proportions of the reagents being carefully comtrolied i) accordance with Muller's directions, 
The precipitate of magnesium ammonium germanate, after being washed, was ignited to MgsGeO,. 
lhe ional yankle in the filtrate from the germanium determination was determined, after acidification 
with sulphuric acid, by titration with standard permanganate by the method of de Haen (4nnalen, 
1854, 90. 160) or with standard ceric sulphate using ferroin as internal indicator (Vogel, " Quantitative 
inorganic Analysis,” Longmans, 1947, p. 343). In a few cases too, the total iron was determined 
volumetrically after decomposition of a fresh sample with concentrated sulphuric acid (Kjeldahl). 
Excellent agreement was obtained by al) methods 

In all, over 30 analyses were made of samples of 4 different preparations (Found: Ge, 34-2; 
Fe(CN),, 406; Fe, 130 Ge(OH),|,FetCn), requires Ge, 342; Fe(CN),, 40-84; Fe, 13-1%,) 

Comirmation that the compound contains either co-ordinated water ot hydroxy! groups was obtained 
by pyrolysis. A weighed sample, mixed with copper oxide to decompose volatile cyanogen compounds, 
was heated in a combustion train in pure dry air and the water liberated was absorbed in “ Anhydrone.” 
The water absorbed amounted to 6%, (Cale, for 2H,0, #5%) 

Properties.—Pure germany! ferrocyanide is a white solid which, hke all other ferrocyanides, is slowly 
decomposed by strong actds with formation of Prussian-blue = It is insoluble in water and in moderately 
strong acids, bat dissolves readily in alkalis, with decomposition, forming soluble germanates and alkali 
ferrocyanides. Heat decomposes it; at 130° it loses about one-third of its weight, and the vapours 
emell strongly of cyanogen compounds; at a red heat in air it loses half its weight and the vapours 
carry germanium as well, probably the result of reduction by carbon to the volatile germanous oxide, 
When desiccated tm eacuo over reo acid it becomes extremely hygroscopic; it will then absorb 
up to one-third of its own weight of water 
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193. The Intramolecular Nature of the Benzidine Rearrangement. 


By G. J. Bromx and K. H. Pavsacker. 


iv a study of the rearrangement of unsymmetrical hydrazobenzenes, confirmation of the 
intramolecular pature of the benzidine rearrangement has been obtained 


Ac rHouGH there have been many formulations of the mechanism of the benzidine rearrangement 
ict. Dewar, “ Electronic Theory of Organic Reactions,’ Oxford, 1049, pp. 235 ¢¢ seg.), there 
had hitherto only been one investigation (Ingold and Kidd, /., 1933, 984) which determined 
whether the reaction was inter- or intra-molecular 

Ingold and Kidd rearranged a mixture of 2: 2’-dimethoxy- and 2: 2’-diethoxy-hydrazo- 
benzene, and thermal analysis indicated that the only products were 3: 3’-dimethoxy- and 
3. 3’-diethoxy-benzidine. Apparently no 3-methoxy-3’-ethoxybenzidine was formed in this 
mixed rearrangement and it was concluded that the reaction was intramolecular. As the above 
work depends for its canclusions on mitved melting points, it was decided to perform some 
experiments whereby a chemical separation of possible products could be attempted. 

Accordingly, the various carboxy-substituted hydrazobenzenes were rearranged, and the 
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products examined. If one considers the rearrangement of 2-carbory > (I), the 
possible products are benzidine (11), 3-carborybensidine (111), and 3: y echonphenattion (IV). 


HNC >< \wH, qa) 
At 
ae” ae 


“ 





——> HN ” 4 San, (m1) 
cont 


uyf >< YH, av) 
cO,H “ton 

lf the reaction is intermolecular, the principal products should be (I1) and (IV) as a large 
difference in reactivity would be expected between the two fragments formed by an N-N 
fission, whereas (I[1) only would be formed by an intramolecular reaction. Thus the presence 
of (11), provided that decarboxylation does not occur, should indicate an intermolecular reaction. 

Now (11) can readily be chemically separated from (i11) and (IV) owing to its non-solubility 
in sodium hydroxide, and thus its presence can be readily demonstrated. Furthermore, the 
alkali-soluble fraction will be either pure (III) or a mixture of (ILI) and (IV), and these two 
possibilities can be differentiated by both a nitrogen estimation and a determination of the acid 
equivalent. 

The 2-, 3-, and 4-carboryhydrazobenzencs were prepared by first condensing the appropriate 
primary amino-acid with nitrosobenzene to form the corresponding carboryazobenzene. It may 
be noted that when either anthranilic acid or ethyl anthranilate was used, very poor yields of the 
azo-compound were obtained owing, apparently, to the sterically interfering ortho-group. These 
azo-compounds were then reduced to their hydrazo-analogues by means of zinc dust and sodium 
hydroxide, but the latter compounds were not isolated but were immediately rearranged by 
warming with added excess of dilute hydrochloric acid. After removal of any azo-compound by 
filtration, the reaction mixture was made alkaline and extracted with ether in order to isolate 
any benzidine formed. The alkaline solution was then weakly acidified and the amino-acids were 
precipitated by addition of glacial acetic acid. 

It was found that a small vield of benzidine was obtained from the rearrangement of 
2-carboxyhydrazobenzene (1), indicating the possibility of an intermolecular action. However, 
the amino-acid gave analyses (both for nitrogen and for acid equivalent) for the mono-acid (III) 
and not the di-acid (IV), indicating that the benzidine had been formed by a partial 
decarboxylation of (IIT) during the course of the reaction, As the results are not conclusive it 
was desirable to obtain further information from the behaviour of the other isomers 

When 3-carboxyhydrazobenzene was rearranged under the same conditions, no benzidine 
could be isolated from the reaction mixture and the amino-acid gave analyses corresponding to 
pure 2-carborybensidine. This clearly indicates that an intramolecular reaction is involved 
and the benzidine formed during the rearrangement of (I) has only resulted by Contes 
occurring during the reaction. 

It is also of interest that when 4-carboxy- and 4-carbethoxy-hydrazobenzene ue V) were 
rearranged, large yields of benzidine were obtained. If one assumes an intermolecular 
rearrangement, then by application of the rules enunciated by Dewar (of. cit., p. 234), the main 
products should be benzidine (II) and 4’ : 5-dicarboxysemidine (V1) along with some 5-carboxydi- 
phenyline (VII). The amount of benzidine formed from the acid corresponded to a 74% 
yield if intermolecular reaction were assumed. However, the amino-acid fraction was found to 
be pure (VII) (nitrogen analysis and acid equivalent) and no indication of the presence of the 
dicarboxylic amino-acid (VI) was obtained. Thus the benzidine has once again merely resulted 
from a decarboxylation and not from an intermolecular reaction. This is substantiated by the 
fact that a gas was evolved during the rearrangement. 
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In order to obtain further evidence, it was intended to investigate compounds containing a 
bydroxy! group in place of the carboxyl group. so once again there would be an alkali-solubilising 
group present which would allow the separation of any benzidine that may be formed 

However, many difficulties were encountered in this work. Owing to their case of 
preparation benzeneazo-$-naphthol and 4-hydroxyazobenzene were used as starting materials. 
When the reduction of these compounds was attempted by the method used above, fission of the 
“NN bond took place and appreciable amounts of aniline were isolated in each case. 
Catalytic reduction in the presence of Adams's catalyst (cf. Strel'tsova and Zelinskii, Bull. Acad. 
Ses. UFLS.S., 1041, 401) gave the same results, two moles of hydrogen being absorbed; when 
the reduction was stopped when only one mole of hydrogen had been adsorbed, unchanged 
azo-compound and aniline were isolated. However, when zinc and ammonium chloride in 
benzene-aqueous alcohol were used (cf. Krolik and Lukaschevich, Chem. Abs., 1949, 48, 577 
reduction appeared to take place, since the solution became colourless. Dilute hydrochloric 
acid was then added in order to rearrange any substituted hydrazobenzene formed and, after 
evaporation of the benzene and alcohol, the reaction mixture was made alkaline and extracted 
with ether to remove any bases formed. Evaporation of this extract yielded an almost negligible 
amount of substance, in both cases, which did not give any tests for benzicdine (insolubility of 
sulphate and immediate formation of dibenzylidene derivative in alcoholic solution) or aniline 
(diarotisation test), This result indicates that fission of the ~N——N~ linkage had not occurred 
during this method of reduction, since aniline was not formed. In addition, the rearrangement 
had not produced benzidine, thus confivming the findings obtained with the carboxy-compounds 
When the aqueous solution was me-te slightly acidic, and excess of sodium hydrogen carbonate 
added, the rearrangement product way. precipitated. Owing to its rapid oxidation, it could not 
be obtained pure even though the whole reaction had been performed in an atmosphere of 
nitrogen 

In order to prevent oxidation of the rearrangement product (an amino-pheno)) it was decided 
to use the benzhydry! ethers of benzeneazo-$-naphtho!l and 4-hydroxyazobenzene and to remove 
the protecting benzhydry!l group by hydrogenolysis after rearrangement. The latter benzhydry! 
ether was readily obtained by treatment with diphenyldiazomethane in dry benzene, but the 
benzeneazo-$-naphthol was recovered unchanged when similarly treated. [It was found that 
although the above ether was readily reduced, the solution rapidly darkened during rearrange- 
ment and, as the product appeared to resist hydrogenolysis, this method of approach was 
abandoned 

Our work thus confirms Ingold and Kidd's postulation that this reaction is intramolecular 
Since this work was completed, Wheland and Schwartz (/. Chem. Physics, 1949, 17, 425) have 

tained confirmatory evidence by a study of the rearrangement of an unsymmetrical 
hydrazobenzene by using “*C as a radioactive tracer 


EXPERIMENTAL 


M. ps are ancorrected. Analyses are by Messrs. N. Lottkowitz and N. Gamble 
Carbosy-iubshinted Compounds —-Preparation of azo-compownds. Freshly prepared nitrosobenzene 
Vogel, A Text Book of Practical Organic Chemustry,”” Longmans, 1948, p. 603) was condensed with 
the appropnate amino-com pound in ethy! alcohol and glacial acetic acid under the conditions described 
trey Wieland (er. 1015, 4B, 1008). The reaction mixture was concentrated to obtain an additional 
amount of azo-compound. With 2-carboxyazobenzene it was necessary to evaporate the reaction 
mixture to dryness and dissolve the residue in benzene Unchanged anthranilic acid was removed by 
extraction with dilute hydrochloric acid, and crude 2-carboxyazobenzene with aqueous sodium hydrogen 
carbonate. The latter product was precipitated by acidification of the carbonate solution and, after being 
extracted with ether, was crystallised from hght petroleum (b. p. 60-—90 
The following table summarises the pertinent data for these compounds 


Sa betituted 
asoben rene a, ¢ P Crystal form Solvent N (found), 
8-Carbory o1— 92 Vellow needles Light petroleum 12-3 
b P 60% 
5 4 tae Light orange prisms Alcohol 12-7 
‘4 . ‘ aa Orange plates Alcohol 12-2 
CygH ON, requires N. 12.4% 


4-Carbethos vazobenzene (m | 27%, yield) was also prepared by the above method. Wieland 
lee. ost.) Gives m. p, 86-87 

Reduction of the substetuted asobensene and rearranzement [the hydrasobensene formed. The azobenzene 
(5 ¢.), dissolved in 2-Sn-sodium bydroxikle solution (50 mi), was heated (0-75 hour) in a boiling water-bath 


with zine duet {7 ¢ The colourless selution was decanted and 2-5~-hydrochloric acid (150 ml.) added, 
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whereupon a te was obtained. Heating was continued (1 hour) and any solid present (identified 
atmospheric oft. The solution was then basified and 





It was purified by dissolution in hot dilute hydrochloric acid (charcoal) and 
precipitated as colourless micro-crystals by addition of excess of sodium acetate. If any zinc salts wore 
eee Se See eee heating the solid with sodium hydrogen carbonate solution and the 
amino-acid was preci y addition of acetic acid. When 4-carbethoxyazobenzene was used, the 
reduction was ae in alcoholic sodium hydroxide. Simultaneous hydrolysis took place, for the 
amino-acid obtained by rearrangement was identical with the product formed from 4-carboxyazobenzene 

The results obtained are summarised below 


Initial Aro-compound Wt. of Wt. of : : N (found), 
compound recovered, g. benzidine, ¢. amino-acid, g. * 
2-Carboxy- -- O13 
3-Carboxy- — a 
4-Carboxy- ‘ 61 1-51 . 236-——237°(d.) 
4-Carbethoxy- 0-68 1-37 . 236-237" (d.) 
CygH O,N, requires N, 12-3%; equiv. 228. ©,,H,O,N, requires N, 103%; equiv, 136 


Benzhydryl Ether of 4-Hydroryasobensene —4-Hydroxyazobenzene (82 g.) was dissolved in dry 
benzene (160 ml.), and a solution of diphenylidiazomethane (9 g.) in benzene added. The solution was 
kept for 18 hours at 32° and then concentrated to 25 ml. The ether obtained (8-3 g.) crystallised from 
ethyl alcohol as yellow needles, m. p. 127° (Found: N, 84. C,,H ON, requires N, 7-7%) 
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194. Optical Activity dependent on a Siz-covalent Bivalent 
Osmium Complex. 
By F. H. Borstaut, F. P. Dwver, and (Miss) E. C. Grarras. 
The reaction between potassium _immichloride K,[OsCl,) or ammonium osmibromide 


mi OsBr,) and excess of 2: 2’-dipyridyl at 300—380" yields the 
_Os Ci, 2dipy t.3H sO and (Oe Sdipy Ch, _6H,0 the cor g bromid 
and crystallisa 





tion from water dark-green bivalent oamium complex 1s stable towards 
aqueous acids and alkalis and has been converted into the corresponding todide, perchlorate, and 
hydroxide. By use of silver antimony! tartrate optically active enantiomorphs of the antimony! 
tartvate and the todide have been obtained 


It was shown some years ago by one of us (Burstall, /., 1936, 173) that 2: 2’-dipyridy! and 
ruthenium trichloride gave the well-defined stable salt [Ru 3dipy)Cl,.6H,O. The cation of this 
complex salt was sufficiently stable to be resolved into optically active forms by use of ammonium 
(+)- and (—)-tartrate. It has now been found that reaction of 2: 2’-dipyridy! and potassium 
osmichloride and ammonium osmibromide at 260-280" results in reduction of the quadri- 
valent osmium salts to the tervalent and bivalent states with concurrent formation of the 
chlorides (OsCl, 2dipy)C1,3H,O (1) and ‘Os 3dipy)Cl,,6H,O (II) or the corresponding bromides 
The reactions of potassium osmichloride and ammonium osmibromide with 2 ; 2’-dipyridy! are 
not, however, identical; the former gives a mixture of (1) and (IT), except in presence of metallic 
osmium or other reducing agents which lead to (II) alone, whereas ammonium osmibromide 
gives almost entirely the bivalent osmium salt most conveniently isolated as the todide 
Os 3dipy)}1,,3H,O (IIT) 

The dark red tervalent chloride (1) has not been closely examined but it can be reduced to 
(Il) by heating it with 2: 2’-dipyridy! and osmium metal. The chloride (II) and other salts 
of the complex cation (Os 3dipy)*’ are very dark green, crystalline substances which give 
intensely coloured solutions, very dark green by reflected light and dark red by transmitted 
light, even at concentrations of 10*u. The complex ion is stable in strongly acid or alkaline 
solutions, but in nitric acid or concentrated sulphuric acid the colour changes to red, probably 
by oxidation, with formation of a tervalent osmium complex ion of the type [Os 3dipy)***. 
Oxidation is accomplished by reagents such as ceric sulphate. The complex ion acts as a 
reversible redox indicator, the reaction 


(Os 3dipy)}** (green) —> Os 3dipy)*** (red) + «~ 
having a potential of approximately 1 volt. 
The separation of the optically active forms of the iodide (Os 3dipy)1,,3H,O was carried out 
through the corresponding anfimowyl tartrate but could be achieved, although less effectively, 
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through the (+ )-/arfrate as with the analogous ruthenium derivative. The optically active 
antimony! tartrates (Os 3dipy}(SbOC,H,O,), 2H,0, the less soluble being the levorotatory salt, 
a, — 008° in 0:0053% solution, [2 %%,, ~ — 1500", 
Absorption spectrum of Os(dipy) sl, 3H,0 were converted into the iodides by potassium 
cm 5S x 10%) iodide and crystallised to constant rotation, the 
active forms separating in the least soluble 
070 portions during crystallisation. The observed 
rotations in 0-004% solutions of [Os 3dipy)1,,H,O 
were +0085" and —0°09°, hence « J,, are about 
+ 2100° and —2200° respectively. These figures 
correspond to molecular rotations of the order 
of 421,000". Although optical activity is mani- 
fested in mercury light (A 5461), the solutions do 
not show rotation in Na, light, the wave-length 
of which is close to an absorption maximum (see 
Figure) for these solutions. The complex osmium 
iodide clearly bas an abnormal! rotatory disper- 
sion, and an investigation of this effect with 
this salt and the corresponding ruthenium, iron, 
and nickel complexes is at present being carried 
out by two of the authors (F. P. D. and E. C. G. 
It should also be noted that oxidation of the 
optically active ion [Os 3dipy to the tervalent 
ie Sa ial condition (Os 3dipy’*’*) does not destroy the 
500 600 activity; moreover, the original activity is re- 
Wave -/ength, mu gained on reduction to the bivalent complex 
The optical resolution of this bivalent osmium 
salt is the first recorded resolution of an osmium compound in any valency state 





EXPERIMENTA! 


Dichlorotns-2 2 -dipyridylosmiuam(I1!) Caloride Trihydrate (1 An iatimate mixture of potassium 
camichioride (1 g.) and 2: 2’-dipyridy! (5 g.) was heated and stirred at 260° for | hour. The cold dark 
brown solid was then extracted with benzene to remove excess of 2: 2’-dipyridyl, The insoluble portion 
was leached with warm water until no more solid dissolved, and filtered from a brown microcrystalline 
residue which was not further studied) The aqueous filtrate was evaporated and cooled; red needles 
of the complex chloride then separated. After crystallisation from water this was air-dried (Found 
Os, 267, Cl 168; HO, 84 CH.N,Cl05,.3H,0 requires Os, 28-7; Cl 161; H,O, 81% A 
solution of this chloride in water or alcohol was decomposed by aqueous alkalis with separation of a 
Mack bwdrated oaemium oxide but was not altered by being heated with 2n-hbydrochioric acid. With a 
large excess of ammonium ( + )-tartrate, the chloride gave an unstable complex tartrate which gave only 
optically inactive preparations on regeneration of the chloride with ammonium chloride or hydrochlori 
acid. Aqueous potassium iodide and sodium nitrite gave crystalline sparingiy soluble salts with strong 
solutions of the chloride 

Tris-2  2'-dipyridylosmiwm(Il) CAloride Hexahydrate (11).—(a) The filtrate after separation of the 
red chloride (1) was made alkaline with 2»-sodium hydruxide, boiled for a few minutes to decompose 
tervalent salt, cooled, filtered from a black deposit of hydrated osmium oxide, acidified with hydro- 
chieric acid, and evaporated to dryness. The green chloride was extracted with alcohol, the extract 
was evaporated, and the residue crystallised from a small quantity of water, to give lustrous dark green 
leaflets of the chloride (11 

+) Potassium oemichloride or the tervalent salt (1) (0-5 @.), metallic osmiam (0-1 g.), and 2: 2’-di- 
pyridyl were heated at 270° for 1 hour. After removal of excess of 2: 2’-dipyridyl the residue was 
extracted with water, and the filtered solution was treated as described in (a 

A solution of the complex iodide (see below) was triturated with an excess of freshly prepared 
silver chlorkie and then filtered, and the resulting dark green solution evaporated to dryness and dried 
over calcium chloride (Found: N, 10-1, 10-1; Cl 88, Os, 23-0, 22 H,O, 13-1. Cyptig,N C1,08,6H,O 
requires N, 100; C1, 85, Os 22-7; MO. 13-09%). This cdforide was easily soluble in water or alcohol 
bat insolulle in ether or benzene 

Tris? 2-dipyridylosmium (i!) Bromide Trihydrate This salt was obtained by (e) treating the 
chloride (11) with excess of freshly prepared silver oxide, filtering, and adding hydrobromic 
acid, (6) adding a concentrated solution of potassrum bromide to a strong solution of the chloride (11), or 
(«) trvterating the corresponding iodide with silver bromide, filtering, and evaporating the solution. 
This browmude which formed dark green hexagonal plates was dried over calcium chloride (Found: N, 
08, 98, 00, Br, 183; Os, 21-6. C,HyN,BrOs,3H,O requires N, 96; Br, 18-3; Os, 21-80%). It 
was slightly less soluble in water than was the corresponding chloride, but was otherwise similar 

Tras-2 : 2’ -depyridylosmanm(1i) Jodide Trihydrate —Ammonium osmibromide (1-0 ¢.) and 2: 2’-di- 
pyridyl (240 g.) were mixed intimately and heated carefully in a test-tube until the base in the mixture 
melted and then became red. The test-tube was loosely stoppered and transferred to an oil-bath at 


7O.-280° for | hour, a dark green, almost black product and an almost colourless liquid then remained. 
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was decanted and the solid extracted with 


chloride, ni prisms and 

was dried over calcium chloride (Found: N, $8; 1, 26-9, 26-3; Os, 1 “5. C,,H,,N 1,08, 3,0 requires 
N, 88: I, 26-3; Os, 19-86%) 

Tris-2 2 -dapyridviosmvum( 11) Perchlorate Momohydrate. oe salt separated, on addition of 

sodium perchlorate solution to a hot solution of the © > 29 0 a vg a ae 


crystalline deposit (Found : N, 06; Os, 21-4. ctairate = Pas 
-2 i ey ay Hydroside Octah is 


from the air (Found: N, 100. C,, 
liberate ammonia from ammonium 

Optical Activity o 
rotation.) (—)-Tris-2: pyrid: temomyl ( +)-tar 
[Os Sdipy}I,,3H,O (20 g.) in hot water (150 ml.) was shaken with silver antimony! (+)-tartrate (0-8 g. 
lor 10 minutes and the solution was then filtered. The filtrate was concentrated on a steam-bath ua 
about half the salt in solution could be crystallised by cooling in ice. The crystals of the fertrate were 

rated and washed with small quantities of ice-cold alcohol to remove traces of the more soluble 
salts (Found: N, 66; Os, 150. C,,HyO,.N,Sb,08,2H,0 requires N, 6-65; Os, 15-09%). A 0.0053% 
sotution in water gave afje, — 0-08" 

(—)-Tris-2 : 2-dipyridylosmium(I1) iodide trihydrate. The foregoing antimonyl tartrate was 
dissolved in warm water and fractionally precipitated with potassium iodide solution. With the 
exception of the final fraction, which was slightly evorotatory, all fractions were strongly active 
These fractions were crystallised from water to constant rotation, racemate being left in the filtrates 
The pepeeaaeny, ane formed flat micaceous plates (Pound: N, 66; I, 26-4. Cag tea ol gO. SHO 
requires N, &7; ) which in 0-004% solution in water gave «fj, (mean) —0 

(+)-Tris-2 : 2” ard viocoisern{ 11) 1 trihydrate. The filtrate from the preparation of the 
antimony! tartrate was diluted with water to 120 mL, heated to 60°, and fractionally precipitated with 
aqueous potassium iodide. The less soluble fractions, which were strongly dextrorotatory, were 

crystallised several times from water with addition of potassium iodide and formed micaceous crystals 
of the dextrorotatory todide (Found: N, 8-7; 1, 260. C,,H,.N,1,0s,3H,O requires N, &7; 1, 26-35%). 
A 0-004°%, solution in water gave (mean) + 0-085". 

(+) Tris 2 . 2'-dipyridylosmium(lI) (+-)-tartrate trihydrate. A solution of 03 g. of the chloride 
(Os 3dipy)Cl,,6H,O in water (10 ml.) was cooled to 0° and treated with solid ammonium (+)-tartrate 
(5 g.); the tartrate of the dextrorotatory comple ated in lustrous plates. These were freed from 
liquid between filter paper and dried by being washed with acetone. The solid was dissolved in alcohol 
to separate ammonium tartrate, filtered, diluted with a few drops of water, and precipitated by addition 
of acetone. This tartrate was micro-crystalline (Found : N, 97; Os, 21-6. C,,H,,O,N Os, 3H,0 requires 
N, 98; Os, 221%). A 0-005% solution gave afi, +01". A dextrorotatory lodide and bromide can 
te produced from this tartrate by addition of potassium bromide or iodide ; levorotatory salts can also 
be isolated from the mother-lquors after separation of the dextrorotatory tartrate 

Analyses —The analyses of the cx mnds for carbon and hydrogen were unsatisfactory owing to 
deposition of osmium in the absorption tubes. Halogen was determined by the distillation method (Dwyer 
and Nyholm, J]. Proc. Roy. Soe., New South Wales, 1941, 76, 127), nitrogen by the combustion method 
(Dumas), and osmium by a colorimetric procedure which will be recorded elsewhere (Dwyer and Gibson) 





The work, carried out at the Chemical Research haeeniaty (1935-—1936), formed part of the 
pane of the Chemistry Research Board and is published by permission of the Director, The 
authors are indebted to Dr. F. Lions for 2 : 2’-dipyridyl and one of them (E. CG ) thanks the Research 
Committee of the University of Sydney for a Research Assistantship, 


Cuemicar Researcn Laporatory, Tepoincrow, Mipp essex 
Unrveesiry of Syvowry, Svoxey, N.'S.W., AcsTratta (Received, November 2ist, 1949.) 


195. Diterpenes. Part III, The Diterpenes from Podocarpus 
ferrugineus. 
a, Linpsay H. Bricos, R. W. Cawrey, J. A. Log, and W. 1. Tayior. 


impure 


ine Gunes eaieubeinen beseitnaeiamtetnaaetmae 


From the essential oil of Podocarpus ferrugineus ( miro”) Hosking and Short (Rec. Trav. 
chim., 1928, 47, 834) isolated an apparently new diterpene, mirene, m. p. 102—104", [alff,, 
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+ 27°15",* forming a monohydrochloride, m. p. 97-98", from which the hydrocarbon was 
regenerated on treatment with alcoholic potassium hyroxide, and a dihydro-derivative, m. p 
73-74" (Hosking, Rec. Trav. chim., 1930, 49, 1036). Following an observation by one of us 
(Briggs, Proc. Aust. New Zealand Assoc. Adv. Ses., 1937, 28, 45) that the m. p. of dibydro- 
mirene was the same as that of a-dihydrophyliocladene, suggesting a relationship between 
mirene and phyllocladene, samples of mirene hydrochloride and dihydromirene were sub- 
mitted by Dr. J. R. Hosking to Mr. C. W. Brandt with the suggestion that they would prove 
identical with phyllocladene hydrochloride and «a-dihydrophyllociadene, respectively. No 
depressions in m. p. were observed (Brandt, New Zealand J. Sci. Tech., 193%, 20, $n) thus 
confirming the suggestion. Brandt also obtained a hydrocarbon, m. p. 103°, by treating the 
hydrochloride with alcoholic potassium hydroxide, which did not depress the m. p. of iso- 
phyllocladene. His regenerated hydrocarbon was reported as levorotatory, however, whereas 
sophyllociadene is dextrorotatory, and from our experience in the kaurene series a strong 
depression should have been observed with the enantiomorphs. Brandt, however, in a private 
communication, has informed us that the rotation of his regenerated hydrocarbon was done 
om & micro-scale, and he would not insist that the rotation was negative under the experi- 
mental] conditions 

It would appear therefore that mirene is an impure form of tsophyllocladene, the purest 
specimen of which has m. p. 112° (Briggs and Sutherland, J. Org. Chem., 1942, 7, 397 

With the kind permission of the late Dr. J]. R. Hosking we have continued the investigation 
of the diterpene fraction of the essential oi! of this species. In contrast with the results of 
Hosking and Short we have isolated, by fractional crystallisation, three diterpenes, (+ )-phyllo- 
cladene, identified by mixed m. p. and Debye-Scherer patterns, (-+)-kaurene, identified by 
Debye-Scherer patterns and conversion into (+ }-tsekaurene, and a new diterpene, m. p. 50—- 
60", (af +438" (monohydrochloride, m. p, 82°, and dihydro-derivative, m. p. 63-—-64°). 
Since the original mirene from this oil has been shown to be tsophyliocladene, we have trans- 
ferred the name mirene to the new isomer. Like rimuene (McDowall and Finlay, /. Soc. Chem 
Ind., 1925, 44, 421), phyllocladene (Aitken, /. Soc. Chem. Ind., 1928, 47, 2231), and cupressene 
Briggs and Sutherland, loc. ctt.), mirene is isomerised by glacial acetic acid into isophyllocladene 
Mirene gives a strong m. p. depression when mixed with rimuene and its Debye—Scherer pattern 
shows that it is neither mdentical with nor an enantiomorph of a-cryptomerene from Crypto- 
meria japonica (Uchida, Bull. Forest Expt. Stat. Meguro, Tokyo, 1915, Reprint) for a sample 
of which we are greatly indebted to Professor Uchida 

Through the courtesy of Professor L. Ruzicka, to whom we are greatly indebted, we have 
been able to re-examine some of the original material of Hosking and Short. A sample of 

crude mirene,"’ m. p. 60-70", on crystallisation aflorded (+-)-phyllocladene, identified through 

mixed m. p., rotation, and conversion into tsophyliocladene and a-dihydrophillocladene. On 
the other hand, a sample of “ mirene hydrochloride,” m. p. 94", yielded (+-)-kaurene hydro- 
chloride, m. p. 116°, on crystallisation, identified through its m. p., rotation, and conversion 
into (+)-ésekaurene, undepressed in m. p. by an authentic specimen. 
With the small amount of material at our disposal it was not possible to 
examine the mother liquors for mirene 

Brandt (already reported by one of us (Briggs, Proc. Roy. Soc. New 
Sowth Wales, 1947, 80. 154) has adduced evidence for the inset 
structure for phyllociladene. Four stable geometrical isomerides of this 
structure may occur, each in - and }-forms, and it would appear 


M Me 


that a number of naturally occurring diterpenes are stereoisomers of the 
same general pattern 

Kaurene is isomerised by bouling glacial acetic acid into tsokaurene but 
with boiling alcoholic sulphuric acid it is converted into the y-isomer, 
m. p. 196— 198", reported by Nishida and Uoda (Bull, Agric. Soc. Japan, 1930, 1, Nos. 1—3), 
under conditions which left ssophyllocladene unchanged. tsoKaurene does not depress the 

m. p. of kaurene and forms a eutectic containing 60°, kaurene and 40°, tsokaurene 

EXPERIMENTAL 

The leaves and terminal D>ranchiets of Podocarpusr ferrugineus (140 Ib.), collected at Mangapehi in 
June through the courtesy of Mr. G. R. Hammond, State Forest Service, to whom we are greatly 
indebted, produced 05 g. (015% yield) of a pale yellow oi] on steam distillation. The oil was distilled 


* The kevorotation of mirene reported by one of us (Briggs, Proc. Aust. New Zealand Assoc. Adv 
See, 1097, 8B, 65) and Brandt (New Zealand J. Sea. Teck., 1938, 20, Se) is an error 
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in a Bower and Cooke type of column (Ind. Bug. Chem. —, 1943, 15, 200), the lower terpene frac- 
a and the higher fractions at 3-5 mm., the ba’ es SS ae ee 

stage No attempt was made to separate the constituents the diterpene fraction. The 
fot major fractions were obtained 


Fraction B. p af. 
I <47°/20 mm 1 464 

i 45—125 3-5 mm. 1-464 ~ 1-492 
it 130—160 3-5 mm. 154 


The residual brown oil (45 g.) solidified (m. p. ca. 40-45") and was investigated for di 

Separation of this maternal into three constituents was enhy achieved by a long senes of systematic 
fractional crystallisations from ethyl acetate and both alcohol and absolute alcohol. Coloured material 
which hindered crystallisation was removed at certain stages by chromatographing solutions in light petrol- 
eum through a 20 x I cm. column of alumina. By this means the following constituents were obtained 

(+)-Phyllccladene.——The small amount of pure material (< 400 mg) m and mixed m. p 
with authentic (+-)-phyliocladene (from Araucaria excelsa) 96°, whilst the Debye-—Sc diagrams were 
identical 

( +)-Kawrene.—Only 1-1 g. were obtained in a pure state; it had m. p. 49° and [eff +101° (/ = 1 
¢, 1-5 in chloroform). It gave a m. p when mixed with (—)-kaurene (from Agathis australis) 
but the Debye Scherer diagrams were tical. 

A sample of the diterpene isolated from the essential oil of Podocarpus spicatus by Butler and Hollo- 
way (/. Soe. Chem. Ind., 1939, 68, 223) was kindly sent to us for comparison. It proved to be levo- 
rotatory whilst the Debye-Scherer diagram indicated 
that it was muxture of kaurene and tsckaurene 65° 

The melting-point diagram for mixtures of kaurene 
and tsokaurene, showing a eutectic at 40% kaurene 
+ 60% tsckaurene, is given in the figure 

Isomerisation of Kaurene.—(a) With glacial acetic 62° 
acid. (—)-Kaurene (100 mg., from Agathis australis), 
dissolved in glacial acetic acid (6 c.c.), was gently 
heated under reflux for 1} hours. The product —— 
ating on cooling, after repeated crystallisation from 
alcohol, formed plates, m. p. and mixed m. p. with q@ 

+sokaurene 64°. The enantiomorph, of the same ¥ 
m. p., was similarly obtained from (+ )-kaurene 56" 

b) With alcoholic sulphuric acid. (—)-Kaurene 

100 mg_), dissolved in alcohol (9 c.c_) and concentrated 

sulphunc acid (3 drops), was heated under reflux for 
64 hours. The material separating on cooling was 53° 

crystallised repeatedly from alcohol and then formed 

rismatic needles, m. p 196- - ad {Feund: M (micro- 

t), 266, 268. Cale for C M, 272) 

Mirene -—This is Fc the diterpene occurri: 0 
in the greatest amount, and 3-2 g. of pure mat 
were obtained. No alteration in m p. could be achieved 
by repeated crystallisation from ethyl acetate or : 100 
alcohol from which murene separated im rectangular 
plates, or in 4 fraction after chromat ing the 
solution through a 20-cm. column of alumina (Brockmann, grade I). The Debye-Scherer diagram 
also indicated homogeneity and proved that it was not identical with cryptomerene of similar m p 
(Found : C, 886; H,123. C,H, —, 88-2; H, 11-98%), (olf? +43-8° (J = 1, 6, 4-1 in chloroform) 

Isomerisation of mirene to Jocladene. Mirene (100 mg.) was heated in glacial acetic acid 
solution (10 «.c.) for 6 hours solid separating on aeebone after recrystallisation from alcohol 
(charcoal), formed needles, m. p. 110°, a pA 7 “F + 23-08" (/ = 0-25,¢ = O2 
in chloroform). Briggs (/., 1937, 79) rec (elf + Sar tsophayi tsophytle 

Dikydromirene. A solution of mirene (100 mg.) . \giactad acetic acid (15 cc.) was gop 
at 34 Ib. per sq. in. pressure for 16 hours in the p © of palladised charcoal (100 After con 
centration of the filtered solution, dihydromurene se separated in which, after repea ceytalinatin 
a acetic acid, had m. p. 63-64" (Found: C, 87-4; H, 127. Cull, req requires C, 87-6; H, 
124 

Mirene hydrochloride. Dry hydrogen chloride was — through a solution of mirene (100 mg ) 
im glacial acetic acid (2 c.c.) and dry ether (0-5 ¢.c.) cooled in ice. The colourless solid which 
was washed with glacial acetic acid and ethy! acetate and recrystallised from ethy! acetate to a constant 
m The Aydrochloride had m. p. 82°, (a}j? +509-9° (i « 1; ¢, 4 im chloroform) (Found: Cl, 120 
CygH,,, HC! requires Cl, 11-5%). 

Re-examination of Hosking and Short's Material ~—tsolation of ag er ge A (450 mg.) 
of Hosking and Short's maternal, labelled “ crude mirene,"’ had m. p. 60-70". from 
absolute alcohol this formed plates, m . oe. _Lyuaid, 008 ws. raced by further crystallisation to 
m. p. 95-—06" (yield, 300 ) and two to a constant m. p *, undepressed 
by authentic (+ )-phylloc (a)ff +15-5* + oe hdd, 62 in in chloroform) 

The rited aiaterial (69 mug.) Sue Basted under or sonnyetatinoten trem aheoieie oh ! 


The plates separa’ 
Mii se pas wennee on coving ae fortuna ( +)-4tsephyllocladene, bg +230" 4 2 





53° 
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The purified material (60 mg) was by 
oakke Concestration y Nee after 

rom the same solvent, bad m p 71°, undepressed authentic of (+)-e-dibyd 
cladene (Yound: C, 87-1; H, 124. Cale. for Cults, " 87-5; H, 12-65%), [ej +21° i 
é, 1-12 in chieretorm) 

Isolation of hawrene derieatives. A sample of Hosking and Short's “ mirene hydrochloride " had 
m. p. 04", raised to 115-116" by a single crystallisation trom ethyl acetate and to 116° by a further 
crystallisation (Pound : ©,77-7; H, 10-0. Cale ae Hy, HCl: C, 77-8; H, 10-86%), [aff +385" + 1° 
(f= 1; ¢, 20 im chloroform) In Part I (/., 1948, } values of m. p. 114—115" and (al —40-0" 
are recorded for {| ~)-kaurene hydrochloride 

The hydrochloride (100 mg.) was heated under reflux with alcoholic sodium hydroxide (5 c.c.; 3% 
solution) for 3 hours. After addition of water, the diterpene was extracted with chloroform and 
tepeated)y crystallised from absotute alcohol, trom which it 7 a gs in -—~ or needles, m. p. 64-65", 
_ pressed by authentic (+)-isokaurene (Found: C, 880; H, i? c for C,H, : C, 882. 

8%), (a) +31" + 2° (2 ~ b: 6, 1-79 in chloroform) ta Part { Hoe “aa a value of (a)? — 25-9" 

is yaw for | —) «sokaurene 





The analyses are by Drs. Weiler and Strauss, Oxford, Mr. Manser, Zérich, and Mr Seelye of this 
department 

We are indebted to the Chemical Society, the Australian and New Zealand Association for the 
Advancement of Science, and the Royal Society of New Zealand for grants, and to Mr. L. D. Calvert 
for the X-ray powder photographs. One of us (W_ 1. T.) is grateful for a National Research Scholarship 


AvcKtianp, Univerestry Cottece, Avcutano, New Zeatayp. 
Eiva. Tecuniscuses Hocuscwvute, Z0gicn, Switzestanp Received, November 24th, 1949.) 


196. Diterpenes. Part IV. The Isolation of Phyllocladene from the 
Essential Oil of Podocarpus spicatus Grown in the North Island 
of New Zealand, 


By Linpsay H. Baices and J. A. Log. 


Phyllocladene has been isolated as the only solid diterpene from the essential oil of 
Podocar pus epicatus grown in the North Island of New Zealand, whereas that grown in the South 
Island yields kaurene (cf Butler and Holloway, J. See. Chem. Ind., 1939, 68, 223) 


From the essential oil of Podecarpus spicatus. growing in the South Island of New Zealand 
Butler aad Holloway (/. Sec. Chem ‘Ind , 1939, 58, 223) isolated a diterpene which they suggested 
wus kaurene (cf. Part I (/., 1948, 1888) for the identification of podocarpene with kaurene) 
without definitely claiming its identity. From the evidence submitted in Part III (preceding 
paper) it is clear that they isolated the lavo-isomer. Seeking a better source of kaurene (a 
yield of only 1°2% was obtained from the essential oil of Agathis australis (Part 1, loc. cit.) 
whereas Butler and Holloway record a yield of 25% from the oil of Podocarpus spicatus), we have 
examined the essential oil of P. spicafus grown in the centre of the North Island of New Zealand. 
Although a thorough search, by careful fractionation followed by chromatography, was made 
for different diterpenes, particularly kaurene, the only diterpene isolated was phyllocladene in 
very small yield 

Wide variation in the percentage of constituents and also in the type of compounds present in 
species of plants, morphologically indistinguishable, has frequently been observed in the 
Australian flora but this is the first record from New Zealand. 

The essential oil of Podocerpus totara contains rimuene and possibly a liquid diterpene, 
totarene (Aitken, J. Soe. Chem. Ind., 1929, 48, 3447; Beath, ihid., 1933, 52, 3387). The 
isolation of phyllocladene from the leaf-oil of 2’. Aalli,"’ considered by botanists to be a variety 
of P. totara and not a separate species led one of us (Briggs, Proc. Roy. Soc. New Zealand, 1941, 
70, 173) to the suggestion that this fact would support the classification of P. Aallii as a true 
species and not a variety. The above evidence from P. spicatus weakens the case for such a 
suggestion 

An unusual constituent, a liquid ofefin, CH,),, b.p. 130—135°/0°01 mm., was isolated from 
the diterpene portion of the oil 

EXPERIMENTAL. 

The leaves and terminal branchlets of Podocarpus sptcatus (832 ibs) collected from the Pureora Forest, 
Mangapehi, through the courtesy of Mr. G. KR. Hammond, State Forest Service, to whom we are greatly 
indebted, praduced, on steam distillation for 16-—~18 hours, 477 g. (013% yield) of pale yellow oil. The 
oil was then distilled through a column of the type described by Dostrovsky and Hughes (Nature, 1946, 
188, 164), the terpene fraction (279 ¢ | at 10 mm. and the oxygenated terpenes and sesquiterpene fraction 
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(89 ¢) at 5 mm Shs apenas rene ee ae The residual oil 
was transferred to a modified Ceaig column (/ad. Eng. Chem. Anal, 1937, 9, 441), 20 cm. long, without 
condenser and with a side arm di into a series of receivers, and was distilled at OGl mm. The 


Fractions A and B were dissolved in dry light (10 cc), chromatographed on a 18 & 1-5 
em. column of alumina (Brockmann, grade 1), eluted with hght petroleum and finally with light 
petroleum containing!% methyl alcohol. Six fractions, each of ca. 10 ¢.c., were collected in each case, 
and the solvent was removed and the residual oils were kept dry in the refrigerator. No solid separated 
from any of these fractions 

A part of fraction C (1-89 g.) was similarly treated and gave the following fractions (all colourless) 


Fraction ...... . c2 c3 
- picandapeuieene oaus . 15158 15174 

eight (g.) ..... o-81 0-51 

From C2 a solid separated (12 mg.) which, after recrystallisation from alcohol had m. p. 95°, 
undepressed by a specimen of phyllocladene. A trial experiment showed that phyllocladene was not 
isomerised on chromatography as above 

Fraction C4 was distilled in a Craig micro-column and gave an oil, b. p. 130--135°/0-01 mm., »j* 
1.5202, d}* 0-9718 (determined in a micro-pyknometer similar to that described by Clemo and McQuillen, 
J, 1935, 1220), (elf + 39-73° (1 = 1, ¢ « 0-8 in chloroform) (Found: C, 85-9; H. 142. (CH,), requires 
C, 85-7; H, 143%). The Aydrocarbon decolorised a solution of bromine in chloroform and gave a 
brown coloration with tetranitromethane 

From the main bulk of fraction C a colourless solid separated which, after recrystallisation from 
alcohol, had {a)f + 14-99° (J = L, ¢ « 2:1 im chloroform) and m. p. 96°, undepressed by phyllocladene 
Briggs (J., 1937, 79) records (al? + 15-8" for phyllocladene material, after isomerisation with 
sulphuric acid in alcoholic solution (Briggs, loc. cif.) and crystallisation from methyl alcohol, had m. p 
109—-110°, undepressed by a specimen of tsophyllocladene 

The solid separating from fraction D was also proved to be phyllocladene by mixed m. p. and rotation, 
(ali? + 15-62° (J 1, ¢ « 03 in chloroform). 

The residue was only partly soluble in hot alcohol from which solution there separated on storage 2 g 
of crystalline material which was proved to be phyllocladene by mixed m. p 


The analysis is by Mr. Seelye of this department 
We are indebted to the Chemical] Society, the Royal Society of New Zealand, and the Australian and 
New Zealand Association for the Advancement of Science for grants 


AucKLAND Universtry Cottece, AUCKLAND, New Zeatanp (Received, Nowember 24th, 1949.) 


197. The Preparation of a Series of (+)-n-Eicosanols and 
n-Eicosanones. 


By Vivierne R. Cuurcuwarp, N. A. Gresow, R. J. Meaxtns, and Joan W. Mutcey. 


The preparation and properties of the (+)-s-eicosanols (C,,H,,O) and s-cicosanones 
(Coglt ggO) having the polar groups in the 2-, 4-, 6-, 8-, and the 10-position are described 


In the course of a programme of research into the dielectric properties of long-chain alcohols 
(Meakins and Sack, Nature, 1949, 164, 798) and ketones (Meakins, Nature, 1948, 162, 904; 1949, 
163, 840) it was desired to determine the effect of varying the position of the polar group in a 
normal paraffin chain. Ejicos-2-,-4-,-6-,-8- and -10-ol and -one now described were prepared for 
that purpose. Of these compounds, only the #-eicosan-2-ol and #-eicosan-2-one have been 
reported previously (Pangborn and Anderson, ]. Amer, Chem. Soc., 1936, 58, 10; Morgan and 
Holmes, /. Soc. Chem. Ind., 1925, 44, 108; Stenhagen and Stenhagen, Artie Kemi., Minerai., 
Geol., 1945, 18, A, No. 19 

The n-cicosanols were obtained by the Grignard reaction between alkylmagnesiom iodides 
and the appropriate aldehydes, the product being separated from the hydrocarbon by-product 
by vacuum distillation, recrystallisation, or adsorption on alumina, according to chain-length 
The yields varied from 20 to 55%, the higher yields being obtained with the alkyl halides of 
shorter chain-length. Pure, fresh-cut magnesium (99°95%,) was used throughout. 


EXPERIMENTAL. 


All m. p.s are uncorrected ) 


+)-n-Escosan-2-ol —-The Grignard reagent was prepared from magnesium (9-5 g.), octadecyl iodide 
(119 g.), and ether (350 ml), the mixture being heated under reflux during the addition of the iodide and 
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for a further ome hour After the solution had cooled to room temperature, a solution of acetaldehyde 
i4 g.) im dry ether (15 mi) was added slowly, with stirring. After being heated under reflux for a 
t 5 Seten, Se Se Sateen wan Copamgene ee seats BS Sy, and Sy-bydrochioric acu! 
(200 ml.) was added to dissolve excess of magnesiom The ethereal la was then separated 
filtered to remove #-hexatriacontane, and washed with water, dilute sodium te solution, am‘ 
again several times with water, ae Se Soa aoe Reeser 

The residual solid was dissolved in benzene and chromatographed on a column of alumina (1,100 g 
5 cm. in diameter Elution with benzene (I |.) removed the bh by-products and the crude 
(+)--elcosan-2-ol was then obt d by elut with ether. tion from light petroleum 
gave a product (11:7 ¢ ) in the form of well-defined crystalline plates, m. p. 50-60". A portion of this 

was distilled under vacuum and the second of three fractions (b. p. 208—212°/7 mm.), having the smallest 
melting point range, my oa ee This gave ( + )-"-excosan- Gat ano miosearyetelline 
powder yu Gotned plates from benzene), p. 56-5—59-0° (Lit, m. p. 520—52-7" for the | 
omoue . Pili 43° for the (+)-form) (Fousd C, 5, 863; H, 13-0, 13-8. Cale. for C seta 

, 806%: Hel 


(+)-m- Escosan-4- ro This was similarly prepared from magnessum (2-5 g.) in dry ether (30 mi.), cety! 
iodide (30g) in dry ether (50 ml), and butyraldebyde (6-1 g¢)}. The material obtained by elution of the 
chromatograph coleman with ether was —. from light petroleum (b. p. 6080") then benzene 
giving microcrystalline needles (7:7 g ), 540-545". A portion of this product was distilled under 
vacuum and the second (b. p. 190—192"/ 2/5 mm.) of three fractions recrystallised from alcohol, giving 
( +)-9-elcosan-4-of as microcrystalline needles (poorly oe m. p. 550-553" (Found: C, 80-5, 
0-5; H, 13-8, 190 Col gO requires C, 80-5; H, 141% 

( + )- Etcosan-6-of — This was prepared from Fatt (0-0 g.) in dry ether (200 ml), tetradecy! 
vodide (100 g) im dry ether (200 ml), and hexanal (25-8 g). The s-octacosane by product was not 
precipitated, and was therefore contained in the solid mixture obtained by evaporation of the ether 
solution. This mixture was dissolved in light petroleum (b. p. 60-80") and chromatographed on 
a column of alumina (1,500 g.), 5 cm. in diameter Elution with light petroleum eliminated the 
hydrocarbons, and the eicosanol was then obtained by elution with benzene. Kecrystallisation from 
light petroleum gave a product (24-1 g), m. p. 55-57°, which was vacuum-distilled. The second 
fraction (b. p. 189°°2-7 mm.) was recrystallised from alcohol, giving (+)-n-cicosan-6-ol as a micri 
eg oe powder (needles from benzene), m. p. 57-7—57-8" (Found: C, 80-5, 80-5; H, 13-9, 13-89%) 

+ )-m-Escosan-8-ol —-The scale of the ation was the same as that described for | + )-"-etCO8an 
6 ol The mixture obtained from the ether solution was partly distilled under a vacuum to remove 
#-dodecane and the residue recrystallised from light petroleum (900 ml, b. p. 60-80"), giving a product 
(62 ¢.),m. p. 5750". A ion of this was distilled under a vacuum and the second (b. p. 192° 3 mm 
of three {ractions recrystallised from alcohol, giving ( + )-n-e1cosan-8-ol as microcrystalline plates (short 
needles from benzene), mp. 57-7579" (Found: C, 80-6, 80-4; H, 141, 13-86%) 

( +)--Etcosan- 10-01 ~The reaction product from the ether layer was recrystallised from light 
petroleum (500 mi.: b. p. 60-80"), giving a product, m. p. 62-56-64 A portion of this was distilled 
under a vacuum and the second (b. p. 214° 7 mm_) of three fractions recrystallised from alcohol, giving 

+ )-"-etconan-10-0f as microcrystalline plates (well-defined needles from benzene), mp. 65-3--65-6 
(Found C, $)4, 805; H, 140, 13-58% 

The Preparation of the 0-Eicosanenes —A solution of the s-eicosanol (5 g.) in benzene (250 ml) was 

added to a solution of sodium dichromate (7 g.) in acetic acid (5 ml), sulphuric acid (9 ml), and water 

30 ml}, and the mixture shaken mechanically for 6 hours. The aqueous layer was removed, and the 
benzene layer washed with water, 0-5x-potassium hydroxide, and again several times with distilled water 
The #-cicosanone was then obtained by evaporation of the benzene solution, and recrystallisation of the 
product twice from alechol. The yield of pure product was, in each case, about 90% 

»-Eicosan-2-one formed crystalline fakes, m. p. 50-3 59-7" (lit. m. p. 58°) (Found C, 81-0, 80-7 
H, 13-5, 136; O, 56 Cale for CLH,O: C, 81-91%; H, 13-5; 0, 54% 2 4-Dinitrophenyl- 
hydrartone orange-yellow crystalline plates, m p 04-5048" 

n- PF icosan-4-one was obtained as crystalline flakes, m. p. 54-0--54-5° (Found C, 80-7, 80-8; H, 13-8, 

©, 56%). 2. 4Dinitrophenythydrasone : brick-red microcrystalline plates. m. p. 7170-4 
van-t-one formed crystalline fakes, m p. 53-8541" (Pound: C, 81-4, 81:3, H, 13-8, 140 

2: 4-Dinitrophenylhydrazone — vellow powder, m p 40-4-—47-4 
an *s me formed crystalline fakes, m p. 53:2-—53-5° (Found: C, $10, 81:3: H, 13-8, 13-6 

O68 1%, 2. 4-Dinitrophenythydrazone | yellow needles, m p. 29-6-—30-4 

n-E wosan-10-0ne was obtained as crystalline flakes, m. p. 53-7540 (Found: C, 80-9, 810: H, 
193, 134, 0.56%, The 2 4-dinitrophenythydrazone was a yellow liquid at room temperature 
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198. Aminohydroxynaphthoic Acids. Part 11. Attempted Synthesis of 
7-Amino-4-hydrozy-2-naphthoic Acid (“Carbory J-Acid™) from 
3-Amino-2-naphthoic Acid. 

By W. FPF. Bexcu and N. Luoo. 
A pumber of nitro- and bromo-derivatives of 3-amimo-2-naphthoi acid have been 
im an attempt to find a suitable route to 7-amino-4-hydroxy- *Falbromo? acid {r ow 


yields of two suitable intermediates, 4 7-dinitro- and 4: 
prevented their attempted conversion into the a hydroxynap acid. 





fap * 





Iw Part | (/., 1949, 1887), which described a synthesis of 6-amino-4-hydroxy-2-naphthoic acid 
( carboxy y-acid "’), the reasons for undertaking this work were given, and as J-acid (7-amino- 
4-naphthol-2-sulphonic acid) is one of the most important dyestuffs intermediates of its class 
it was desirable to synthesise its carboxy-analogue. 

Since toluene-p-sulphon-2-naphthalide can be nitrated to give the 1 : 6-dinitro-derivative 
(Morgan and Micklethwait, /., 1912, 101, 148), it was hoped that 3-toluene-p-sulphonamido-2- 
naphthoic acid (I) would similarly give a dinitro-derivative (I]) which could be converted into 
“ carboxy J-acid ” by the following route 


NO, 
(Tos « p-C,HySO,) 


3-Amino-2-naphthoic acid reacted with toluene-p-sulphony! chloride to give (1). This was 
nitrated in glacial acetic acid at 55° to give the 4-nitro-derivative, which on hydrolysis in 
concentrated sulphuric acid gave 4-nitro-3-amino-2-naphthoic acid, previously prepared by 
Cross and Drew (/., 1949, 1532) by the nitration of 3-acetamido-2-naphthoic acid. 4-Nitro-3- 
toluene-p-sulphonamido-2-naphthoic acid on further nitration in acetic acid gave a small 
vield of 4: 7-dinitro-3-toluene-p-sulphonamido-2-naphthoic acid (11), which after hydrolysis to 
4: 7-dinitro-3-amino-2-naphthoic acid was deaminated to give 4: 7-dinitro-2-naphthoic acid 
(III). This was decarboxylated to 1: 6-dinitronaphthalene thus orientating the nitro- 
groups. 

As the yield of (II) was too low to permit a continuation of this synthesis of (IV) the nitration 
of 4-nitro-3-acetamido-2-naphthoic acid was investigated, but all attempts to obtain a dinitro- 
compound failed, the mononitro-derivative being recovered unchanged. 

A sample of 4 : 7-dinitro-3-acetamido-2-naphthoic acid was prepared by acetylating 4 : 7-di- 
nitro-3-amino-2-naphthoic acid with acetic anhydride and concentrated sulphuric acid. The 
use of acetic anhydride alone gave the anhydro-derivative (V) which was converted into the 
acety! compound by hydrolysis with water. 


4-Nitro-3-amino-2-naphthoic acid reacted similarly with acetic anhydride to give (V1), 
whilst the addition of concentrated sulphuric acid gave an inseparable mixture of the acety! 
compound and the anhydro-derivative. Hydrolysis of this mixture with water gave 4-nitro-3- 


ring closure, by dehydration, of the acetyl compound when acetic anhydride is used. Addition 
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of concentrated sulphuric acid partially prevents this anhydro-formation in the 4-nitro- 
derivative, and completely prevents it in the 4: 7-dinitro-derivative. 


NH4CH, N=C-CH, 
6 fy ¥ ou 


CO, CO, 


According to Baker (' Tautomerism,” 1934, p. 136) the amide grouping can exist in the 
tautomeric forms shown above. From the evidence obtained, it seems probable that 3-acet 
amido 2-naphthoic acid, in the presence of acetic anhydride, normally exists in the keto-form, 
but the presence of the 4-nitro-group favours the formation of the enol by withdrawing electrons 
from the side chain, the anbydro-compound being then formed by simple dehydration of the 
two hydroxy! groups. Addition of concentrated sulphuric acid repr the formation of the 
ac -mitro-form so that the amide remains in the keto-form and hence ring closure does not occur 

Since a route to ’ carboxy J-acid “ using 4: 7-dinitro-2-naphthoic acid (111) was impossible 
practically, owing to the low yield at the second nitration stage, the bromination of 4-nitro-3 
acetamido-2-naphthow acid was investigated. The latter reacted with bromine in boiling 
glacial acetic acid to give 7-bromo-4-nitro-3-acetamido.2-naphtheic acid (VII), the orientation 
of which is discussed later 

It was found that the yield of (VII) fell if the reaction mixture was heated under reflux 
after the addition of the bromine 





Time of heating under reflux after addition of bromine, hours oes vu 1 2 
Yield of (VII), % : : , ‘ 635 


53-7 45-6 

As the only other isolatable product of the reaction was 4-nitro-3-amino-2-naphthoic acid 
it would appear that (VII) was being reduced by the hydrogen bromide formed in the initia! 
bromination reaction. Fries and Schimmelachmidt (Amnalen, 1930, 484, 245) found that the 
bromination of 2-naphthol is reversible in that I-bromo- and 1 : 6-dibromo-2-naphtho! on 
treatment with hydrogen bromide in acetic acid afforded 2-naphthol. 

Attempts to convert 7-bromo-4-nitro-3-acetamido-2-naphthoic acid (VII) by hydrolysis 
and deamination into 7-bromo-4-nitro-2-naphthoic acid failed as no method could be found for 
removing the acetyl group without replacing either the nitro- or the bromo-group, the former 
by alkaline reagents and the latter by acids 

The acetamido-naphthoic acid (VII) reacted with aqueous sodium carbonate to give a 
compound of unknown structure containing bromine, and with diethylamine to give 7-bromo 
3-amino-4-diethylamino-2-naphthoic acid. With ethanol and hydrochloric acid (VII) gave 
4-nitro-3-amino- 7-ethoxy-2-naphthoic acid and 4-nitro-3-amino-2-naphthoic acid. The formation 
of the latter compound is unusual and cannot readily be explained. Although (VII) had been 
reduced to 4-nitro-3-amino-2-naphthoic acid by the action of hydrogen bromide in acetic acid 
it was thought that aqueous bydrobromic acid would act solely as a deacetylating reagent The 
use of 48°, hydrobromic acid gave a mixture of 4: 7-dibromo-3-amino-2-naphthoic acid (VIII) 
and 3 7-dibromo-4-nitro-2-naphthoic acid (TX) 


Hr 
NH 
co 
Vill 


Prager (Ber., 1885, 18, 2164) found that 4-bromo-2-nitro-I-naphthylamine was converted by 
hydrobromic acid under pressure into 1:2: 4-tribromonaphthalene. Presumably the milder 
conditions employed here prevented complete replacement of all the groups by bromine 

4: 7-Dibromo-3-amino-2-naphthoie acid (VIII) was converted into 3: 4: 7-tribromo-2- 
naphthoic acid (X) by the Sandmevyer reaction. Attempts to decarboxylate this compound, 
for orientation purposes, by heating the acid with quinoline and copper powder or by direct 
distillation, failed, the acid being recovered unchanged. The acid (X) was therefore converted 
into the amide which would not undergo the Hofmann reaction in aqueous media; but in 
methanol (cf. Windaus, Ber, 1924, 57, 1731) 3. 4: 7-tribromo-2-naphthylamine was formed, 
and this was deaminated to give |: 2: 6-tribromonaphthalene. 

7-Bromo-4-nitro-3-acetamido-2-naphthoic acid (VII) reacted with 20° hydrobromic acid 
to gtve an addition compound which has been formulated as 4 7-dibromo-4-nitro-3-acetamido- 
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3: 4-dihydro-2-naphthoic acid (XI). This compound reacted with 48%, hydrobromic acid to 
give 3: 7-dibromo-4-nitro-2-naphthoic acid (IX) and with 2x-sodium carbonate solution to 
give 4-nitro-3-hydroxy-2-naphthoic acid. (VII) reacted with constant-boiling hydrochloric 
acid to give 4-chioro-7-bromo-4-nitro-3-acetamido-3 : 4-dihydro-2-naphthoic acid (XII) which 
likewise gave 4-nitro-3-hydroxv-2-naphthoic acid on treatment with sodium carbonate solution. 


a > 


j —N ¥ «~NHAc 
(XI Be. cO,H (XiL.) 


Although there are no references to the addition of halogens or halogeno-acids to nitro- 
naphthols or nitronaphthylamines, Fries and Schimmelschmidt (loc. cit.) found that bromo- 
naphbthols gave addition compounds with hydrogen bromide. 

With regard to the formation of 4-nitro-3-hydroxy-2-naphthoic acid from (XI) and (XII) 
by the action of alkali, Armstrong and Kossiter (Proc. Chem. Soc., 1891, 87-89) found that 
the addition of nitric acid to 1I-bromo-2-naphthol gave 1-bromo-|-nitro-2 ; 2-dihydroxy- 
1: 2-dihydronaphthalene which immediately decomposed to give !-bromo-!-nitro-2-keto- 
1: 2-dihydronaphthalene. This reacted with alkah to give I-nitro-2-naphthol. 1 ; 6-Dibromo-2- 
naphthol underwent a similar series of reactions but the final product was 6-bromo-1-nitro-2- 
naphthol. The loss of the 6-bromine atom in our case is therefore unusual. 4-Nitro-3-amino-2- 
naphthoic acid is probably a precursor of the 4-nitro-3-hydroxy-2-naphthoic acid since Cross 
and Drew (loc. cif.) found that 4-nitro-3-acetamido-2-naphthoic acid was hydrolysed by sodium 
hydroxide solution to 4-nitro-3-hydroxy-2-naphthoic acid. This reaction has been repeated 
by ustng sodium carbonate instead of sodium hydroxide, and a similar result was obtained. 

4-Nitro-3-toluene-p-sulphonamido-2-naphthoic acid on treatment with bromine (1 mol.) 
in glacial acetic acid gave 3: 4: 7-tribromo-2-naphthoic acid (X), but in an experiment in 
which 97°5% acetic acid was accidentally used the product consisted of a mixture of unchanged 
material and 3: 7-dibromo-4-nitro-2-naphthoic acid (IX), It was found that 1-nitro-2- 
acetamidonaphthalene on bromination (1 mol.) in glacial acetic acid gave 1: 2 : 6-tribromo- 
naphthalene (unpublished work). On these grounds 4-nitro-3-acetamido-2-naphthoic acid might 
have been expected to give 3: 4: 7-tribromo-2-naphthoic acid. 

Attempts to brominate 4-nitro-3-toluene-p-sulphonamido-2-naphthoic acid in chloroform 
solution failed. In pyridine, however, 3-bromo-]-nitro-2-toluene-p-sulphon-naphthalide was 
formed. Consden and Kenyon (J., 1935, 1591) prepared this substance by brominating 
i-nitro-2-toluene-p-sulphon-naphthalide in pyridine. The introduction of a bromine atom in 
the 3-position of a naphthalene nucleus is not unusual, cf. Consden and Kenyon (loc. ctf.) and 
Bell (/., 1932, 2734) who likewise prepared 1 : 3-dibromo-2-toluene-p-sulphon-naphthalide. 

4: 7-Dibromo-2-naphthoic acid was prepared from 4 : 7-dibromo-3-amino-2-naphthoic acid 
(VIII) by deamination. Since it has been shown (unpublished work) that 10% sodium hydroxide 
at 150° will hydrolyse bromine atoms in a naphthalene ring (cf. Oehler (D.R.-P. 77,446)) 
4: 7-dibromo-2-naphthoic acid was expected to yield 4: 7-dihydroxy-2-naphthoic acid which 
on treatment with ammonia and sodium bisulphite would probably yield “ carboxy J-acid " 
(IV) (cf. Bucherer, J. pr. Chem., 1904, 68, 83). The yield of 4: 7-dibromo-2-naphthoic acid by 
this method was too low to permit further work so the halogevation of the acetyl and toluene- 
p-sulphony! derivatives of 3-amino-2-naphthoic acid itself was investigated. 

4-Chloro-3-amino-2-naphthoic acid is the only halogenated 3-amino-2-naphthoic acid 
described in the literature; it has been prepared from 1-chloro-2 : 3-naphthisatin (F.P, 575, 314; 
Chem. Zentr., 1925, I, 1021). 2-Acet- and 2-toluene-p-sulphon-naphthalide both give 1 : 6-di- 
bromo-derivatives on bromination in acetic acid or chloroform (Bell, loc. cif.; Franzen and 
Stauble, J. pr. Chem., 1921, 107, 58). 3-Tol p-sulph ido-2-naphthoic acid was 
brominated in pyridine to give 4-bromo-3-tol p 























phonamido-2-naphthoic acid and bromine {1 mol.) in acetic acid. 
3-Acetamido-2-naphthoic acid failed to brominate in glacial acetic acid and was only partly 
brominated in pyridine, giving an inseparable mixture. 
Attempts to nitrate 4-bromo-3-toluene-p-sulphonamido-2-naphthoic acid, to give the 7-nitro- 
compound failed, even in the presence of a boron trifluoride catalyst. 
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EXPERIMENTAL. 
Analyses are by Mr. E. S. Morton. M_. p.s are uncorrected 
Nitro -derwatwes of 3-Amino-2-naphthow acid 

3- l ciuene p-sniphonamido-2-naphthac Acid —A solution of 3-ammo-2-naphthow acai (2050 g) in 
water (2.51) and lOn-sodiam hydroxide (135 cc.) was filtered, the filtrate heated to 75° and toluene-p- 
sulphowy! chloride (275 g.) gradually added while the mixture was t slightly alkaline to litmus by 
the addition of xxtiam carbonate. The boiling mixture was made alkaline to brilliant-yellow pa apd 
filtered. The hot filtrate was added to water (300 ¢ c.) and concentrated hydrochioric acid | cc 
and the sold was collected, washed with water, and dried. Crystailisation of this first from glacial 
acetic actd (1360 cc) then from methanol gave 3-tcluens-p-suiphonamido-2-naphthoe acid as creamy 
white prisms (238 g.), m. p. 224° (Found: C, 635; H, 4 N, 40. C,,H,,O,NS requires C, 63-4; 
H, 44. N. 41%) 

4 N ttro-3-toluene-p suiphonamido-2-maphthere Acid. -—The sulphonamido-compound (51 g.) in glacial 
acetic acid (150 ¢.c.) was heated to 100°, then cooled to 54° with sturrm jum nitrite (61 g.) was 
added, followed by nitric acid (12-6 c.c.; d 1-4), the temperature being fea at 54-—57 The solution 
was cooled to 10°, and the product was collected, washed with glacial acetic acid and carbon tetra- 
— and dried. Crystallisation of the solid from giactal acetic acid gave pale —— d Ty 1 (39 g.), 

> f a (decomp ), of 4-mstro-3-toluene- or NE 2-maphthore acid (Found 3-8 

. Hy Oe requires C, 560; H, 3 , 735%) 

e Niwe S-cmine-$ na phihore Acid.—The toreg: x toluene-p-sulphonyi compound (30 g.) was dissolved 
in concentrated sulphur acid (60 cc.) at 3O- “o", the solution poured on to ice, and the solid collected 
washed with water, and dried. Crystallisation ‘of the product from methanol gave orange needles 
(15 @), m. p. 243-244" ‘Cross and Drew, loc. cit., gave m 240° (decomp.)) (Found: C, 57-3; H, 3-8 
N, 121. Cale. for C,,H,ON,: C, 560; H, 345, N, 12 ) 

4 7 Dinutro-3 toluene-p-suiphonanmndo-2-naphihio Acid. —4 Nitro-3-tolaene-p-sulphonamido-2-naph 
thoic acid (193 g.) wae boiled with glacial acetic acid (50 c.c.), cooled to @", and nitric acid (3-5 c.c 
4 1-5) added fire mixture was heated to 100° whereupon a reaction began. After 5 minutes the 
solution was cooled to 10", and the solid collected, washed with glacial acetic acid then with carbon 
a and dried. Crystallimation of the solid from ethyl acetate gave pale yellow needles (3-7 g 

os fis war (explosion), of 4: 7-dimstro-3-toluene-p-sulphonamido-2-napathore acid (Found: C, 4925 

15. C€,,H,O.N,S requires C, 0-1; H, 30% 
" 4: 7-Dinsive we emino-2 naphthne Acid —The toluene-p-sulphony! derivative (3-6 g.) was dissolved 


in concentrated sulphuric acid (8 ¢.c.) at 36—40°, the solution poured on to ice, and the solid collected 

washed with water, and dried. Crystallisation of the product from ethyl acetate gave orange micro 

rreee (21 ¢.). m. p. 302°, of the dinttroaminonapAthots acid (Pound: C, 47-4; H, 26; N, 147 
Coals O io, requires (, 476; H, 255, N, 152%) 


7 Dinetr »-2-naphthoic Acid.—The 3-amino-compound (1 g.) was deaminated by the method of 
He tds and Walker (/., 1933, 1620). Crystallisation of the dimitronapAthoic acid from glacial acetx 
ack! gave yellowish brown micro-crystals (0-4 g.), m. p. 230-231" (Pound: C, 0-7; H, 31, N, 103 
C,, HON, requires C, 0-4, H, 23; N, 10-7% 

Decarboeaylation of 4: 7-Dimitro-2 naphthor Acid. The dinitro-compound (0-2 g.) on being heated 
with copper bronze (0-2 g.) and quinoline (5 c.c.) for 10 minutes gave | : 6-dinitronaphthalene as pale 
yellow needles (from methanol), m. p. 163-—164", not depressed by admixture with an authentic sample 

3-Acetamido-2-naphthoe Acid.—3-Amino-2-naphthor acid (100 ¢.), dissolved in water (800 c.c.) 
and 10n-stiawm hydroxide (50 c.c.), was treated at 40° with acetic anhydride (80 c.« After the solution 
had been stirred for | hour excess of hydrochloric acid was added, and the solid was collected, washed 
with water, and dried. It was purified by treatment with boiling methanol, and dried. The product 
* ¢) had m. p. 234-235 An analytical specimen crystallised from ethanol in pale yellow needles, 
m. p. 237.238" (lit. gives m. p. 238°) (Found: C, 67-8; H, 495; N, 655. Cale. for C,,H,,O,N 
C, 61; HL #6; N, 1% 

3-Amino- 2-naphthotw ack! (2 g.) was heated under reflux with acetic anhydride (4 ¢.c.) for 2 hours, 
the solution poured into water, and the product crystallised from ethanol to give 3-acetamido-2-naphthoic 
ack! (1-7 g.), m. p. 237-238 

4- Netro-3-ecetamido-l-naphthors Acid The following method was found to be preferable to that 

sorted by Cross and Drew (loc. cit 3-Acetamido-2-naphthow acid (20 g.) and glacial acetic acid 

140 ¢.c.) were heated to 80° and treated with sodium nitrite (0-1 g.) and nitric acid (8 c« d 142 
The temperatare was cautiously raised to 95°, and as soon as a clear solution was obtained the reaction 
misture was cooled After 12 hours the solid (15 @¢ ) was collected, washed with carbon tetrachloride 
and dried. Crystallisation of the solid from glacial — acid gave rosettes of pale yellow needles, 
m. p. 100.200" (Pound: C, 57-1; H, 345, N,100. Calc. for C,,H,,O,N,: C, 56-0, H, 3-65; N, 10-2% 

Hydrolysis of the acety/ compound (4-4 g.) with a borling mixture ‘ f ethanol 44 c.c.) and concentrated 
hydrochione acid (22 ¢.c.) for 1} hours gave 4-nitro-3-amino-2-naphthoic acid (2-2 g.), m. p. 243-—244 

feetylation of 4-Nttro-3-amino-2-napathone Acid —4-Nitro-3-amino-2-naphthoic acid (3 g.) and acetic 
anhydride (15 « c) were heated under reflux for 6 hours and cooled, and the crystalline solid collected 
Crystallization of this from glacial acetic acid gave yellow needles (2-7 g.) of anAydro-4-ntiro-3-acetamido-2 
naphiboc aad, m. p. 234-235", mesoluble in cold, dilute sodium carbonate solution (Found: C, 60-4 
H, 31; N, 100. CHOWN, requires C, 60-95, H, 31; N, 10-09% 

This compound (0-5 g.) was heated under reflax with water (40 c.c.) for 30 hours, sodium carbonate 
solution added. the mixture filtered, and the filtrate acidified. The product was collected and crystallised 
from glacial acetic acid to give pale yellow needles (0-4 ¢ ) of 4-stfro-3-ecetamido-2-maphihbore acid, m. p. 
199 200 

tcetylaiion of 4. 7-Diattro-3-amino-2-maphthoic Acid —4 : 7-Dinitro-3-amino-2-naphthoic acid (1 g 


aod acetsc anhydride (5 were heated under reflux for | hour, water was added. and the solid was 





acetic acid to 
acid, m. 
(Found: C, 51-4; H, 2-65; N, 18-7. 


micro-crystals : SD ecetamido-2- map hthonc 
12-6 CigHsOyN, requires C. 48-9; H, 28; N, 131%). 
+: +. Dinieee d-eaninn- 3. mmapithow ack (0 § treated with acetic anbydride (3 c.c. ) ‘and concentrated 
sulphuric acid (0-2 c.c.), gave the acetyl derivative, m. p. 261-—-262°. 


anne Nitro-derwatives of 3-Amino-2-naphihore Acid 

7-Bromo-4-mutro- 3-acet phthaic Acid.—(a) Bromine (18-6 c.c.) im glacial acetic acid (50 c.c.) 
was added to a boiling ry of 4-nitro-3-acetamido-2-naphthoic acid (100 g) in glacial acetic acid 
(1220 c.c.). A vigorous reaction took place, and after 15 Seis ndits ace ak ee 
solid collected Crystalhsation of this from ope acetic acid an rh Hee 
ag -229° (Found : C, 43-7; H, 2-75; N, 745; Br, 23-5. C O, ibe requires 46: ne 
N, 7-9; Br, 22-56%). 

(6) The same quantities were used but the mixture was heated under reflux for | hour after the 
addition of the bromine. The yield was 53-7%,. 

(ec) The time of heating under reflux was increased to 24 hours, and the yield obtained was 45-56% 

The acetic acid mother liquors were diluted with water, and the resulting sticky solid was crystallised 
from methanol giving 4-nitro-3-amino-2-naphthoic acid (26.5%). The methanol mother liquors were 
concentrated, and the residue heated under reflux with ethanol (200 c.c.) and concentrated h loric 
acid (100 c.c.) for 2 hours. ee ee Se ae oe ee Oe glacial 
acetic acid to give 4-nitro-3-amino-2- eiphent acd (16% 

Bromination of 4-N ttro-3-toluene ipa ih Acid in Glacial Acetic Acid.—4-Nitro-3- 
toluene-p-sul phonamilo-2-naphthor ack (386 g Swan dieained ie baltien aieaiineniie acid (250 c.c.) 
and bromine (5-4 c.c.; 1 mol.) added. After the solution had been heated under reflux for 6 hours it 
was cooled and the solid ant eee = ws Crystallisation of this from glacial acetic acid gave pale cream 
needles of 3:4: 7-tribromo-2-naphthoic acid, m. p, 244-245" (Found: C, 330; H, 14; Br, 
58-7. C,,H,O,Br ——2S 32:3; H, 12; Br, 586%). 

Orientation of 7-Tribromo-2-naphthoic Acid.—-(a) 3: 4: 7-Tribromo-2-naphthoamide. The acid 
(14 g.) in benzene ae. ¢.) was heated under reflux with thiony! chioride (4 ¢.c.) for 7 hours, the solution 
cooled, and excess of ammonium carbonate added. After 2 hours the benzene was removed by steam, 
and the solid was collected and washed with hot water. isation of this from 8-ethoxyethanol 
ev white micro-crystals of the amide Rg g.). m. p. >280" (Found: C, 32-2; H, 1-75; N, 3-7. 

Mead PY S uires C, 32: 3; H, 15; N, 34%). 

: rebromo-2 2-naphthylamune ‘The amide (0-3 g.) was suspended in methanol (100 c.c.) and 
ae heuestiemie solution (17 c.c.; 15%) added, the temperature rising to 45°. After 15 minutes, 
10n-sodium hydroxide (25 c.c.) and methanol (40 c.c.) were added. The methanol was removed by 
distillation and the residue extracted with water. Crystallisation of the amine from ethanol gave white 
needles (4-2 g.), m. p. 157-159" (Found: C, 31-4; H, 165; N, 365. C,H,NBr, requires C, 31-6; 
H, 16; N, 3-7%). 

The acetyl derivative, p red from the amine and acetic anhydride, crystallised from acetic acid 
in white needles. m. p. 206-206" (Found : C, 34-2; H, A cy, HLONSr, reeeines C. M1; HLL 

(c) 3:4: 7-Tribromonaphthalene. The amine (1-2 g.) was deaminated by the method used 
4: 7-dinitro-3-amino-2-naphthoic acid. Crystallisation om > asutie acid gave white needles of 3; 4: 7- 
tribromonaphthalene, m. p. 113-114" not depressed by admixture with an authentic sample 

Bromimation of 4-Nitro-3-toluene-p-sulphonamido-2 yore Acid im 975% Acetic Acid.—The 
compound (19-3 g.) was dissolved in boiling acetic acid (125 c.c.), and bromine (2-7 ¢.c.) added. After 
the solution had been heated under reflux for 6 hours, and cooled, water (450 c.c.) was added. The 
solid obtained (11 g.) was dissolved in ethanol and chromatographed on alumina. The up band was 
separated, extracted with sodium carbonate, the extract filtered, and the filtrate acidified. The solid 
(4g), m. p. 186-—188°, obtained was shown to be unchanged. The lower band was similarly separated 
Crystallisation from acetic acid of the solid obtained gave 3 : 7-dibromo-4-nitro-2-naphthotc acid (3-2 g.), 
m 3 and mixed m. p. (see below) 234-—236". 

Jromsnation of 1-Nitro-3-toluene-p-sulphonamido-2-naphthoic Acid in Pyridime.—A solution of the 
compound (7-7 g.) in pyridine (30 c.c.) was cooled to 5° and treated with a cold solution of bromine 
(1-2 «.) in pyridine (10 c.c.). After 15 minutes the solution was run into a mixture of ice and 
concentrated hydrochloric acid, and the solid was collected and washed with water. Crystallisation of 
it from dioxan gave orange micro-crystals (3-5 g.) of 3-bromo-1-nitro-2-toluene-p-sulphon-napbthalide, 
m. p. 220-—231° (Consden and > oy. loc. cit., give ™m 237°) (Found: C, 48-5; H, 285; N, 64; 
Br, 184. Cale. for C,,H,,O,N,BrS 48-5; H, 31; N, 665, Br, 190 

The amine, prepared from the eaitaned eaieone’ derivative by hydrolysis with concentrated 
sulphuric acid, crysta!lised from ethanol in red needles, m. p. 100-—-101° (Consden and Kenyon, loc. cit., 
give m. p. 105°) (Found: C, 450; H,2-7; N, 10-4. Cale. for C,,H,O,N,Br: C, 45-0; H, 2-6; N, 10-5 ). 

Reactions of 7-Bromo- 4-mitro-3-acctamido-2-naphthore Acid - “ja) "Wah sodium carbonate solution. 
compound (2 g.) was heated under reflux with 2n-sodium carbonate solution (30 c.c_) for 20 hours, cooled, 
and acidified with hydrochloric acid. The solid was collected and crystallised from glacial acetic acid 
to give yellow micro-crystals (1 g.), m. p. > 300° (Found: C, 50-95, 51-2; H, 205,30, N, 5 
Br, 21-3%). No structural formula can be ascribed to these figures which agree best with ¢ vy 
(C, 496. H, 30: N, 7-7; Br, 22-0%) or C,,H,,O,N,Br (C, 510; H, 2-05; N, 7-6; Br, 2 

(b) With dicthylamine. The compound (3 g.) and dieth lamine (35 c.c.) were heshed saloe reflux 
for 24 hours, the excess of diethylamine removed by d tion, and excess of 2nx-sodium hydroxide 

added. After being heated on a steam-bath for 1 hour the solution was filtered and acidified (litmus) 
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with acetic acid CS ae ee ae Se Sate, Cake een ale, 0 ae 

anno dicthylamino-I maphthotc acid as ee (2 ¢). m. p. >310° (Pound 

63-6; H, 466,47: N, 83,80: Br, 23-1. galt ON requires (, 53-4; H, 50, N.&3; Br, 237 %) 
fc) With 48%, bpdrebromic acid. The com (10 g.) and hydrobromix acid (#0 c.c.; 48%) were 

heated wader reflux for 24 hours and poured ito water (WOcc.). The solid which was collected was 

fractemally allised trom glacial acetic acid; it gave a sparingly soluble product, 4 ; 7-dibrome-3- 

amino 2-naphthose ane Wow yellow needles) ak m. p. 256-257" (Found: C, 37-6; H, 1-05; 

N, 36, Hr, 467 ‘ir, requires C, 20, N. #1; Br, 46-4%), and an easily soluble 

portion which ~ a from .. - - arte (1-5 @.) of 3: 7-dabromo-4-netre-2-na, 

acid, m. p. 236-238" (Found: C, , 945; Br, 430. C,,H,ONBr, requires C, 35-2; 

H, 13; N. 37; He, 42-79% 

4: 7-Dibromoe-4- omine 4 naphthote acid (1-0 @ ) in glacial acetic acid (8-0 cc.) was added to a solution 
of sodium nitrite (0-35 g.) in concentrated sulphuric acid (3-5 c.c.) at 20-~25°. The diazo-compound 
was then added to cuprous bromide (1 g) es hydrobromic acid (10 ¢.c.; 48%), the mixture was stirred 
for | hour, water added, and the solid ce Crystaliimation of this from acetic acid gave 3: 4: 7-tri- 
bromo-2-naphtboic acid, m. p. and mixed m. p. 244-—245 

By a wmilar reaction 4: 7-dibromo-3-amino-2-naphthoic acid (0-6 g.) gave 3-chloro-4 : 7-dibromo-2- 
naphtheic acid as pale yellow needles (0-3 g.). m. p. 234-236", from acetic acid (Found; C, 360; H, 
16. Cy ,H,O,CIBr, requires C, 36-2, H, 14%) 

Dibromo-S-amino-2-na rthow acid (1 g.) was deaminated » A. Hodgson eae Walker’ s method 

fies eit.) giving 4: 7 -dibrome-2-naphtinis acid (0-6 g), m. p. 258— (Found: C, 309; H, 2-15 

ult . oa oe C, 40-0; H, 1-8%) 

wih’ dilute hydrobromse acid, The compound (7 ¢.) was heated under reflux with hydrobromic 

acid Ne ce 48%,) and water (38% ¢ ¢.) for 24 rs, water (1%) ¢.c.) was added, and the solid (65 g.) 

was collected. Crystallisation of this from glacial acetic acid gave pale yellow micro-needies (3-8 g.) of 

4: T-dibromo-4-nitro-3-acetamide-3 : 4-dihydro-l-naphthnse acid, m. p. 240-242" (Found: C, 16 
H, 25: N.62, Br. 363. C,H YON, Br, requires C, 35-9; H, 2-3; N, 645; Hr, 36-6%) 

This compound (1-3 ¢) was heated under reflux with hydrobromic acid (25 c.c.; 48%) for 20 hours 
and diluted with water. The solid (1 ¢.) was crystallised from acetic acid and gave orange needles, 
m. p. 234-236", of 3: 7«librome-4-nitro-2-naphthoic acid. 

‘he compound (0-5 g.) was heated under reflux with 2~-sodium carbonate (20 ¢.c.) for 6 hours, 
hydrochloric ackt was added, and the solid was collected; it crystallised from acetic acid in yellow 
needles (0-2  ) of 4-ifro-3-aydrowy-2-maphthoic acid, m p. 234-236" not yar by admixture with an 
authentic sample (Found: C. 564; H, 32; N.508. Cale. for C,,H,O.N 56-5; H, 30; N, 60%) 

(oe) With hydrochlorse acid The compound (7 g.), concentrated a drechtork acid (140 «.c.), and 
water (70 c.c.) were heated under reflux for 24 hours, water (150 c.c.) was added, and the solid was 
collected, boiled with ethanol (100 «.c.), and filtered off. 4-CAloro-7-bromo-4-nitro-3-acctamido-3 : 4- 
dihydro-2-naphthois acid (3-5 g.) crystallised from acetic ack! as creamy white needles, m. p. 239-—240 
(Pound: C, 30-7, 400, H, 226,24; N, 696,73; Cl + Hr, 286. C,,H,,O.N,ClBr requires C, 40-05; 
H, 26; N, 72; Cl + Be, 207% 

This compound on hydrolysis with 2~-sodium carbonate gave 4-nitro-3-hydroxy-2-naphthon acid 

(f} With hydrochloric acid and ethanol, The compound (10 ¢.), ethanol (200 c.c.), and concentrated 
hydrochloric acid (75 c.c.) were heated under reflux for 48 hours and water was added The resultant 
solid was dissolved in methanal and chromatographed on alumina A band, which remained at the top 
of the column, was extracted with sodium carbonate, acidified, and crystallised from ethanol giving 
4-nitro-3-amino-2-naphthoie acid (2-0 g.), m. p. and mixed m. p. 238-240". The remaining material 
was golated by concentration of the eluate, and the solid crystallised from methanol to give orange 
needies (1 g.), m. p. 103-104", of 4-n0tro-3-amino-7-cthory-2-naphthotc acid (Found: C, 569; H, 41 
N, 10-46. C..H,O.N, requires C, 56:5; H, 435; N, 16-2%) 


Bromo-derteatives of 3- Amino-2-naphthotc Acid 
4-Hromo-3-toluene-p-sulphonamido-2-naphthae Acid —-3-Toluene-p-sulphonamido-2-naphthoic acid 
(5 g.) was dissolved in pyridine (40 ox and an iwe-cold solution of bromine (1:3 c.c.) in pyridine 
(10 ¢.«.) added. Next morning the solution was poured into excess of hydrochloric acid, and the solid 
was collected and crystallised from glacial acetic acid to give the 4-bromo-compound as pale yellow 
needles, m 197-198" (5 @) (Found: C, 51-7, H, 355; N, 375. C,,H,,O,NBrS requires C, 51-4; 
H, 33. N, 34% 

4 Bromo 3 amine 2 -mahhthone Acid The taluene-p-aulphonyl compound (5 g was dissolved in 
concentrated sulphuric acul (10 cc.) at 35--40°, the solution poured on to ice, and the solid collected 
Crystallixation Of this from glacial acetic ack! gave bright yellow needles (2 g.), m. p. 220--222° (Found : 
C, el, H. 305: NST. C, HJON Br requires C, 496. H, 30; N, 5-259 

Om decarboxylation in quinoline in the presence of copper bronze, 1-bromo-2-naphthylamine, m p- 
and mixed m f with an authetic sample 61-63", was obtained 

‘4 7 ribromo-3-amemo-2 naphthote Acid (a) 3-Toluene-p-suiphonamido-2-naphthoic acid 
(10-2 ¢.) in boiling glacial acetic acid (100 cc.) was treated with bromine (4-6 c.c.; 3 mols After being 
heated ander reflux for 1 hour the solution was cooled and the solid (8 g.) collected. Crystallised 
from glacial acetic ack! it gave yellow micro-crystals, m. p. 254°, of a fribromo-compound (Found: C, 
8, HL 18) N. 33. Br, 560 = C,.HYONEr, requires C, 31-2; H, 14; N, 3-3; Br, 56-6). 

(6) 4- Bromo. 3-toluene-p-sulphonamido-2-naphthor acid (4-1 g ) in bosling glacial acetic acid (20 c.c.) 
was treated with bromine (5 c.c., | mol After being heated under reflux for 30 minutes the solution 
was cooled and the soll collected. Crystaliisation of this from acetic acid gave 2 g. of a solid, m. p. 
253— 254", identical with the previows compound 


Ressarcn Laporaronies, Imreeiat Curmicat Inpusretes Lowrrep, 
Biackiey, Manchester, 9 | Recetved, December 16th, 1949.) 
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By Jonn~ Honeyman and A. R. Tarcwene. 
Aniline and glucose react under various conditions to give the same aniline-\ -glucoside, 
which mutarotates in several solvents. Acetylation of aniline-N- gives a mixture of 


e- and f-amiline-N-giucopyranoside tetra-acetates which can be yiated to the original 
antline-N ’ 

Toluidine-N -glucosule is obtained in a pure crystalline form which has been acetylated 
to Fearne a i glucopyranoside tetra-acetate. 

xe pyTanose ring structure of these amine-N -glucosides ts probable, but not certain. 


THE reaction products obtained when sugars react with amines have been known for many years, 
but although much work has been carried out to determine thei structure there is still no clear 
picture of their nature. The early workers (Schiff, Annalen, 1870, 154, 30; Sorokin, Ber, 1886, 
19, 513) prepared compounds whose structures were considered to be of the Schiff’s base type 
(Schiff and Straus, Ber., 1894, 27, 1287) or of the cyclic glycosidic type (Marchlewski, /. praAt. 
Chem., 1894, [ii|, 50, 95). The methylation studies of Irvine and his co-workers from 1908 to 
1911 (¢.g., Irvine and Hynd, /., 1911, 99, 161) furnished strong evidence of the cyclic nature of 
these compounds. Their isolation of tetramethy! aniline-N-glucopyranoside was held to be 
evidence for considering the mutarotating anilne-N-glucoside to be a- and 6-aniline-N-gluco- 
pyranosides. Since then, certain arylamine-N-pentosides have been prepared which have been 
assigned the furanose structure solely on the basis of their reaction with triphenylmethy! 
chloride. In particular, certain arylamine-N-pentosides have thus been held to be furanosides 
(Kuhn and Strébele, Ber., 1937, 70, 773) although later workers claim to have shown that at least 
one of these is actually a pyranoside (mentioned by Howard, Kenner, Lythgoe, and Todd, / 
1946, 855, hut details not yet published). Similarly, xylidine-N-riboside prepared in boiling 
alcoho! is considered to be a furanoside (Kuhn and Birkofer, Ber., 1938, 71, 621), whereas the 
xvlidine-\V-riboside prepared in alcohol at room temperature is thought to be a pyranoside 
(Berger and Lee, J. Org. Chem., 1946, 11, 75). Under similar conditions aniline reacts with 
ribose to give two aniline-N-ribosides (Berger and Lee, joc. cit.); these were cyclic because 
acetylation of each led to a triacetate; although the triacetates were glasses, no characteristic 
physica! data were given, and they had acetyl contents somewhat lower than the theoretical 
Berger and Lee held that they were distinct compounds. Removal of the aniline residue from 
each gave two amorphous ribose triacetates (Berger, Solmssen, Leonard, Wenis, and Lee, /. 
Org. Chem., 1946, 11, 91). These workers considered them to be ribose 2: 3: 4-triacetate 
(from aniline-N-ribopyranoside) and ribose 2: 3: 5-triacetate (from aniline-N-ribofuranoside). 
Examination of the data of these workers shows that one of the compounds, with acety! content 
409% (theoretical, 46°7%), had (a) —26°3°, while the other, of acetyl content 41°5%, had 
fal? —24°2°. It is considered, therefore, that there is no evidence that two distinct aniline-N- 
riboside triacetates have been prepared. On the contrary, other workers (Todd ef al., loc. ett.) 
have shown that the two aniline-N -nibosides are acetylated to the same aniline-N -ribopyranoside 
2:3: 4-triacetate. Furthermore, Berger and Lee have shown that benzoylation of the two 
aniline-N-ribosides, followed by hydrogenation, gives the same ribitylaniline tribenzoate. The 
sole remaining chemical evidence for the pyranose and furanose structures assigned to the 
aniline-N-ribosides rests on the reaction of the compounds with triphenylmethyl chloride. 
This reagent is now known to be unsatisfactory for detecting primary alcohol groups such as 
would be present in aniline-N-ribofuranoside and absent in aniline-N-ribopyranoside, for it 
reacts with secondary as well as with primary alcohol groups (Hockett and Hudson, /. Amer 
Chem. Soc., 1931, 68, 4456; McIlroy, /., 1946, 100). Crystalline triphenyimethy! derivatives of 
6-methy!xylopyranoside, a compound similar in structure to aniline-N -ribopyranoside, have been 
isolated (Jackson, Hockett, and Hudson, /. Amer. Chem. Soc., 1934, 56, 947). 

Indeed, the work of Berger and Lee really confirms the unsatisfactory nature of this reagent. 
From the compound they consider to be aniline-N -ribofuranoside they isolated a tan-coloured 
amorphous product giving the elementary analysis of a monotrityl aniline-N -ribosids combined 
with 1°75 molecules of water. No attempt was made to show that the trity! residue was attached 
to C,,,. Under similar conditions the aniline-N-ribopyranoside gave a tarry product which 
could not be purified. It is clear that Berger and Lee have not shown that this second isomer 
reacts less readily with triphenylmethy! chloride. Methylation studies have been unproductive 
(Berger and Lee, loc. cit.}, probably because of the instability of the N-glycosides to alkali. 
Oxidation with periodate has also been found to be of no value (Berger and Lee, loc. cit. ; 
Howard, Kenner, Lythgoe, and Todd, J., 1946, 861). It seems fair to say, therefore, that there 
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has been no chemical evidence presented so far for assigning the furanose structure to one of the 
aniline-N-ribosides. No derivative with this structure has been isolated. Of the physical data 
the melting points, as Berger and Lee point out, are unreliable. For 3 : 4-xylidine-N-ribo- 
furanoside Kahn and Birkofer (Joc. cit.) give m. p. 118°, whereas this compound prepared 
identically was found by Berger and Lee to have m. p. 128-130", The corresponding pyranoside 
of these workers has m. p. 110-112". For aniline-N-ribopyranomde Todd and his co-workers 
give m. p. 119°, whereas Berger and Lee give m. p. 125-127". For the corresponding furanoside 
the former workers give m. p. 126-127", whereas the latter record m. p. 138—140°. In addition, 
Berger and Lee have found that mixing the two aniline-N -ribosides does not, as a rule, lead to a 
depressed melting point 

It remains to consider the specific rotations, and here lies the sole evidence for the existence 
of the two ring-isomers of arylamine-N-ribosides, The 3: 4-xylidine-N-ribopyranoside has 
ial +1717 — > +565" (c, 06 in pyridine), while the corresponding furanoside has [«)¥ 

+965" ——» + 53°0" (¢, | in pyridine). The final values are so close that no conclusion that 
they represent a- + §-ribopyranosides and a- + §-ribofuranosides, respectively, is tenable. It 
might as well be that the former compound is, say, pure «-pyranoside mutarotating to an 
equilibrium mixture of a- + 6-pyranoside, whereas the latter is a mixture of a- and §-pyranosides, 
richer in the S-anomer, mutarotating to the same equilibrium mixture of a- + §-pyranosides., 
With the aniline-\V-ribosides the difference in specific rotation is marked and appears to be 
conclusive. The product of condensation in boiling alcohol, considered by Berger and Lee to 
be aniline-N -ribofuranoside, has [a]— + 176°5° ——»> + 156-6" (c, 3 in pyridine) (Berger and Lee; 
Todd et al.), whereas the product of condensation in aleohol at room temperature, considered to 
be the pyranoside, has (a) +634°—» + 486° (c, | in pyridine) (Berger and Lee; Todd 
et al.), and, since the two compounds mutarotate in the same direction but not to the same fina! 
equilibrium value, there appears to be a strong case for believing that two different ring-isomers 
have been obtained. There is, however, no acceptable evidence for deciding which has the 
furanose and which the pyranose structure. Thus, Berger and Lee's belief that the pyranose 
compound was converted into the more stable furanose compound simply by refluxing in alcohol 
or slowly at room temperature in alcobol, or by drying over phosphoric oxide in a vacuum, 
requires further investigation. (This investigation has already been begun in our laboratories.) 

The case of the aniline-N-p-arabinosides must also be mentioned. The product of con- 

densation in alcohol at room temperature, considered by Berger and Lee (J. Org. Chem., 1946, 
11, 84), by analogy with the ribosides, to be aniline-N-arabinopyranoside, has m. p. 130°, 
of +80 ——> —13-2° (¢, 19 in methanol, after 48 hours), (a)P + 68° —» —4°2° (c, 3 in 
pyridine, after 48 hours). The product, prepared in boiling alcohol by following the same 
procedure as an earlier worker (Hanaoka, /. Biochem. (Japan), 1940, 31, 95), had m. p. 130°, 
al? +274" ——> —80° (¢, 16 in methanol, after 24 hours), (a)? +82°——> + 1°48" (c, 2 in 
pyridine, after 24 hours), Hanaoka cites m. p. 130°, (a)? + 34° ——> + 2-5" (c, 1 in methanol). 
Again the values are too similar for certainty that different ring forms are present; the 
alternative explanation advanced in the case of the xylidine-N-ribosides appears to be equally 
valid. 

It was in the light of the papers discussed above that the present work was started. During 
the course of this investigation it has been found that glucose reacts with aniline in boiling alcohol 
(Sorokin, /oc. es.), in aqueous alcohol at room temperature, and in boiling water (Weygand, 
Ber., 1939, 72, 1663), to give the same aniline-N-glucoside, mutarotating in methanol from an 
initial value of about + 10° to a final value of about —-52°. Despite many attempts to prepare 
this compound and to obtain it in a pure stable form it has invariably been obtained as a white 
solid which is not truly crystalline. It is precipitated from several solvents in a jelly-like 
form from which the last traces of solvent are difficult to remove, owing, it is considered, to the 
physical form of the product. When dry it is a hard white powder which, however, is unstable, 
becoming brown on storage at room temperature, even in a vacuum desiccator, Aniline-N- 
glucoside, like all compounds of this type, is readily hydrolysed by dilute acids. It is also 
attacked by aqueous alkali, and it therefore reduces Fehling’s solution rapidly. No reproducible 
melting point was obtained for this product. Acetylation was successfully achieved with acetic 
anhydride in pyridine; under somewhat different conditions a similar mixture of tetra-acetates 
was obtained. The components of the mixture were shown to have pyranose structure since the 
removal of the aniline residue, followed by acetylation with acetic anhydride and zinc chloride, 
gave the known a-glucopyranose penta-acetate. Furthermore, the same mixture of aniline-N- 
glucoside tetra-acetates was obtained from x- or §-glucopyranose penta-acetate by hydrolysing 
the acety! group from C,,, and treating the product with aniline (Frérejacque, Compt. rend., 1936, 
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202. 1190). This mixture of aniline-.\ -glucopyranoside tetra-acetates, while differing somewhat 
in melting range and specific rotation in different preparations, was invariably separable by 
Reo x emer apace enn iy tg) Fey oH oe pent FA a 

cit.) into the two pure isomers. One of these, also obtained when —o 
cabeniieg is $-aniline-N-glucopyranoside, m. p. 97-—98°, [a)}f — 57° (c, O4 in chloroform) ; 
other is 2-aniline-N-glucopyranoside tetra-acetate, m. p. 149—-150°, [a)}f + 179° (¢, 0-4 in 5 Rory 
form). When the $-form is kept in methanol containing a trace of aqueous ammonia at room 
temperature it is slowly converted into the less soluble a-anomer. All the tetra-acetates 
mentioned here are deacetylated by methanol containing aqueous ammonia to the same aniline- 
N-glucoside which is obtained by direct condensation. These experiments show that 
aniline-N-glucoside is a mixture which reacts, when acetylated in pyridine, in the pyranose form 
only. It would appear probable although not certain, therefore, that the aniline--glucosides 
mentioned are mixtures of «- and §-aniline-N-glucopyranoside. These reactions are summarised 
in the annexed chart 





Glhacose — Aniline 
4 


[ - > Aniline-N-glucoside <- 


| ) 
8-Glacopyranose » “+ 8- Aniline- N-glacopyranoside 


penta-acetate tetra-acetate 


Y 
Acetobromog!lucose 


¥ ¥ Y 
8-Aniline-N -glucopyrancside > a Aniline-\N-glucopyranoside tetra-acetate 
tetra-acetate 
Y 


a-Glucopytanose penta-acetate 


When p-toluidine is used instead of aniline rather different results are obtained. Thus, 
although prepared by different workers by different methods, only one p-toluidine-N-glucoside 
has been isolated which has well-defined crystalline form and sharp melting point. Acetylation 
of this glucoside has now been found to give a single tetra-acetate, m. p. 145—146°, (a) — 34°2° 
in chloroform, which must be a derivative of 6-p-toluidine-N-glucopyranoside, since it is identical 
with the compound prepared from acetobromoglucose and p-toluidine. 

Although p-toluidine-N-glucoside is more stable than the corresponding aniline compound 
they both decompose on storage at room temperature. After about a year in specimen tubes 
both substances have decomposed to black tars. However, the tetra-acetates of both are stable 
at room temperature. 

In all the cases recorded so far aniline- and p-toluidine-N -glucosides react to give derivatives 
with the pyranose ring-structure. 


EXPERIMENTAL. 
(The light petroleum used throughout had boiling range 60—s0" 
A milome-N -glucossde.—-Glucose ys g-. 1 mol.) was refluxed in absolute alcohol (150 ml.) with 4 
OS ee 2 ae 1 mol.) for 2 hours. On cooling, a mild eapmented andl wan eubeed 
trom ‘Sbeolute alcohol and washed with fry other belore being dried in an evacuated 
Gonleeatan at Sout taipenniurs The almost white solid (15 g.), (a)? +5-1° —-» —651-7° (after 24 hours) 


mares ‘ae ties 110° and 150°, 
crop of act (6 g.), (af +1125" -—> oe poe 


by concentration of the reaction mother-liquor. 

). [ali +5°——> —52-3° (total yield, 95%). Irvine and 
and [a)p —20-1° > — 52° for later fractions. 

absolute alcohol (15 ml.) and water (5 ml.) was left at room fora 

to dryness over gel in an 

with cold absolute alcohol and then 

-, 53%), (ef +6" —> —52-3° &, 
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(af +103 ~~» — 52-5" (¢, @4 in methanol). Wapgnnd ghvse a. p. 340". hot Gone eet mention the 
specite rotation. This method was the normal one used hereafter aniline-N -glucoside 
The soled products were examined microscupically usder polarized t and were seen to be non 
by 
Mutarctation of Anime N-giucomde The mutarotation of aniline-N-gl de in methanol and 
ethanol proceeds emoothly. In dry idime no change im rotation takes place but id matarotation 
in pyridine-acetic acti was dank The following values were obtained a ee 5” (c, 20 in 
~>» ~@25° (after 24 hours) (c, 0-4 in pyridine containing a trace of glacial 
#)-& (equilibrium value after 6 minutes) (c, 0-6 in pyridine, 66 mi.; acetic 





acki 34 mi.) 

Aniline-N glucoside, [ff + 10-5" ——> —52-5" (c, 08 in methanol), was recovered by allowing the 
methanolic sulation to ~~ at room temperature 

Acetylation of Aniline-N-ghucoside.—-Aniline-N-giucoside (20 g.) was dissolved in pyridine, and 
acetic anhydride (80 ml.) was added gradually at 0. After 24 hours at room temperature the pyridine 
solution was poured on tee. After several hours the product was filtered off, washed with water, and 
dried in a vacuum at room temperature, The crude crystals (23 g., 64%), m. p. S85", were recrystal- 
heed from absolute alcohol light petroleum. During this rec rystalhsation an oil separated first, followed 
by a larger crop of crystals, m. p. 92-106", [a)/f +40-2° ic, 24 in chiqroform). These, after severa! 
recrystallimations, were a mixture of aniline N- glucoside tetra acetates, m. p. 886-—02-5", [aiff + 45-8 

2-5 in chiorotorm) (Found: C, 564; H,5-9; N,33. CyH,.O,N requires C, 56-7; H, 5-05; N,3-3% 
The oil which separated during the recry stallisation subsequently solidihed and was purified by recrystal 
Imation from a small volume of methanol and then from absolute alcohol-light petroleum. This product 
which was roy ee ya to be «-amilme N- me pera tetva-acelate, was a single substance 
m. p. 140-150", (a)? + «, 2-5 in chloroform) (Found 569; H, 60; N, 33% 

The product of Castner ‘eadaiaiies was separated by the method of F rérejac que (Joc. cit.). Aniline 
N gus omide tetra-acetate, m. p. S&-92-5", [of 445-7" (10 ¢.), was separated into B- (6g, 60%), m. 1 
0798", [alf? —57° (c, 04 in chloroform fall —68-3" (c, 04 in wore, aqueous alcohol) and e-aniline-N 
giacopyranomde ro acetate (4 g.. 40%), m. p. 149-150", [a f + Tre (ec, &4 im chieroform) 

In another experiment aniline \-glucoside (5 g.) was heated on a water-bath in pyridine (20 m!.) and 
acetic anhydride (20 ml.). After 20 minutes’ heating the solution was allowed to cool and left overnight 
at room temperature. The product was isolated as in the previous preparation, and after 
recrystalimations from alcohol-light petroleum it was shown similarly to be a mixture of a- and 8-aniline 
N glucopyrancside tetra-acetates (5 g.. 62%), m. p. 92-110", [e)}f 455-3" (c, 2-4 in chloroform 

\ similar product was obtained by treating aniline-N- -giuc oside for 0 minutes in pyridine with 
acetic anhydride in the presence of a smal! amount of perchloric acid 

In another experiment the levorotatory form of aniline-N-glucoside was acetylated. Aniline-N 
glucoside (5 g.) in pyridine (20 mi.) containing acetic acid (0-5 ml.) was kept at room temperature for 
3 days before addition of acetic anhydride (20 mi.) at @ After a further day at room temperature the 
product was isclated as before After recrystallsations from alcohol-iight petroleum there remained 
a mixtore of « and §-aniline-N -glucopyranoside tetra-acetates (5 g., 62%), m. p. 88-05", [al]f +67-4 
(¢, &8 in chloroform) 

Conversion of §- into a Antline-N-glucopyranonde T etra-acetate.—I{ a saturated solution of any of the 
above mixed « and £-aniline \ -glucopyranoside tetra-acetates, or of the pure S-anomer, in methanol 
containing a drop of aqueous ammonia (10%) was kept at room temperature, then a gradual separation 
of crystalline material took place. This material, on recrystallisation, was found to be e-aniline-N 
glucopyranoside tetra-acetate (80%, yield), m. p. 140-150", (a) fF +180" (c, 0-4 in chioroform 

Conversion of Awmtlime-N giucopyramoside Tetra-acetates into a-Giucopyranose Penta-acetate The 
hydrolysis of antline- N -glucopyrancsnie tetra-acetates was successfully achieved by the method of Berger 
and Lee (loc, et The crude glucose tetra acetate was obtained as a viscous red syrup (3-5 g., 87%) 
which did not crystallise. This syrup (2 ¢.) was heated on a boiling-water bath for 0 minutes with 
acetic anbydride 245 mi!) and powdered anhydrows zinc chloride (0-5 g ) After being poured into water 
and kept for several hours the product was extracted with chloroform. The extract was washed free 
from ack and dried before the chloroform was evaporated off, leaving a syrup which crystallised from 

alcohol. The product was e-glacopyranose penta-acetate (1-7 g., 78%). m. p. 110—111", (alff + 100-9 
A mixed m. p. with authentic e-glucopyranose penta-acetate, m. p ito 111°, showed no depression 

Preparation of Aniline N -glucopyranosde etra-aceiates from 8-Glucopyranose Penta-acctale 
methctl of Prérejacque (loc. ctf.) was used The product was recrystallised from alcohol-hght petroleum 
and was 4 mixture of « and f-aniline- N-glucopyranoside tetra-acetates, m. p. 88 —02-5", (a [f +461 
(¢«, @9 im chloroform). This mixture was separated by the procedure already described into «-aniline-N 
giucopyrancene tetraacetate and the corresponding §-anomer 

Preparation of B-Amtline-N-ghucopyranoside Tetra-acetate from Acetobromoglucose —-The method of 
Baker (/., 1028, 1583) was used. After recrystallisation from ether-—light petroleum there was obtained 
pure B-aniline-N glucopyranoside tetra-acetate, m. p. 96 97", (a)ff —70-3° (c, &4 in 90% alcohol), 

aff —56° (e, 04 in chioroform Baker (Joc. et.) gives m. p. 98°, [a ff —73-3° (in 90% alcohol) 

Deacetylation of Antlime N-glucopyranosde T ¢tra-acetates The standard procedure was to allow the 
tetra-aceiate (4 g.) to remain in methanol (40 ml.) containing aqueous ammonia (5 m!., d 0-880) at room 
temperature for 3 days. After removal of the solvent at room temperature under reduced pressure the 
product was purified by recrystallisation from alcohol. In different experiments. e«-aniline-N-gluco- 
pyrancskie tetra-acetate, the B-anomer, and mixtures of e- and S-anomers were used In each case 
aniline N-glucoside was obtaimed af ca. +10 > ~ 52° (in methanol), 1.¢., identical with the 
substance prepared directly from glucose and aniline 

pr Totwidine-N -giuconide —-Glacose (5-4 g., 1 mol.) was heated with p-toluidine (3-2 g., | mol.) and water 
(1 ml.) on @ boiling water bath enti] homogeneous (15 minutes) Ether (100 ml.) was added and the 
precipitated solid (6 g.. 86%) filtered off Recrystallisation from ether-alcoho!l gave needie-shaped 
crystals of p-toluidine \ glucoside, m. p. 117-—118", [a)ff —101-2°-—» —45-8° (c, OS in methanol). 
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This same compound has been obtained by different procedures by Irvine and Gilmour (/., 1900, 06, 1548) 
and Kuhn and Dansi (Ber, 1936, 6B, 1745) 

B-p- I olwidsme-N gi vamoside Pose ental. —£-p- Toluidine- NV -glucoside tetra-acetate was 

from acetobromogiucose by the method of Baker (Joc. cit). After recrystallisation from absolute 
-tohaidine-V -ghucopyranoside tetra-acetate was obtained, having m p. 144—145", (a)}f —33-4° 
(c, 04 in chloroform) 

p- Toluidine-N -giucoside (5 g.) was dissolved in pyridine (20 ml.) and acetic anhydride (20 ml.) at 0° 
After 24 hours at room temperature the solution was on ice. After several hours the solid 
product was collected and recrystallised from alc This was §-p-toluidine-N -glucopyranoside 
tetra-acetate (5 g., 70%), m. p. 145-—146", [a)ff —34-2° (¢, OS in chloroform), mixed m. p, with the 
compound prepared above, 144---145°. For this Compound Kuban and Dansi (Joc. ett.) cite m. p. 144-145", 
(aiff —57-5° (im methy! acetate) 


Unsrverstry or Lo~pow, Kovo's Cottece [Reeetved, December 10th, 1049. 


200. Experiments on the Synthesis of the Pyrethrins. Part IIT. Syn- 
thesis of Dihydrocinerin-I and Tetrahydropyrethrin-I ; a Study of 
the Action of N-Bromosuccinimide on 3-Methyl-2-n-alkyl (and alkenyl)- 
cyclopent-2-en-1-ones. 


By Leste Cromere, Micnaet Extrort, and Stantey H. Harper. 


3-Methy!-2-n-alkyleyd opent-2-en-l-ones with one molecular = rtion of N-bromo- 
succinimide undergo monosubstitution at the 4-position, je sen She some disubstitution 
(probably at the 4- and the I’-position), and hence recovery oo quuhemeee ketone. The 
bromoketone is converted into the acetoxyketone, which is is hydoed to the ( — a PatP )-4-hydroxy-3- 
methyl- 2-n-alkyleyclopent-2-en-l-one. By this means are sg aoe ocinerolone and 
(+)-tetrabydropyrethrotone (alkyl being butyl and amyl respectively) 
of cinerolone and of pyrethrolone, the ale components of the ‘natural 
bromoketones and silver (4 )-frans-chrysanthemate give racemic dibhydrocinerin-I 
en I which have very little insecticidal action 

The bromo-ketones readily eliminate hydrogen bromide, ¢.g., with organic bases or sodium 

methoxide, to give cyelopentadienones, characterised by high-meiting derivatives but themselves 
probably existing only as dimers. 

3-Methyl-2-n-alkenyleyclopent-2-en-]-ones undergo preferential side-chain substitution with 
N-bromosuccinimide, followed by climination of hydrogen bromide and polymerisation. 
3-Methy!-2-n-pent-4’-enyleyclopent-2-en-l-one undergoes very ready disubstitution, followed 
by elimination of hydrogen bromide. No monomeric product apart from unchanged ketone 
could be isolated and the method fails as a route to pyrethrolone or cinerolone and analogues 
containing alkeny! side chains 


Tue erroneous formulation of pyrethrolone (Ia) as an a-ketol, with the hydroxy! group in the 
5-position, was founded on its reducing properties and the isolation of a supposed p-nitro- 
phenylosazone by Staudinger and Ruzicka (Helv. Chim. Acta, 1924, 7, 212). Subsequently, 
by analogy, cinerolone (Ib) was also formulated as an a-ketol (LaForge and Barthel, ]. Org. Chem., 
1945, 10, 114). However, LaPorge and Soloway (/. Amer. Chem. Soc., 1047, 69, 186, 2032) 
showed that synthetic (+ )-6-hydroxy-3-methyl-2-"-butyleyclopent-2-en-l-one was not identical 
with naturally derived (+-)-dihydrocinerolone and assigned the hydroxy! group to C,,, the 
only other vacant position in the ring. This structure (Id), with the hydroxy! group in an 
“allylic ” position, accords well with the reactivity of the chloro-ketones obtained by the action 
of thionyl chioride on cinerolone, dihydrocinerolone, or tetrahydropyrethrolone, and with the 
ready hydrogenolysis of pyrethrolone acetate, pyrethrolone methy! ether, and the pyrethrins 
themselves. Further dihydrocinerolone possesses only feeble reducing power and does not yield 
a p-nitrophenylosazone, which excludes the a-ketol formulation. 
CMe:CR -C oe x : 
~ “C 
1d, R = oe ipa 9 

Some confirmation of the correctness of the proposed structure was obtained by Soloway and 
LaForge (ibid., p. 979) who synthesised a ketol by refluxing dihydrocinerone with N-bromo- 
succinimide in A rRoan tetrachloride for 18 hours and bydrolysing the crude bromo-ketone with 
an aqueous suspension of chalk. The semicarbazone and 3 : 5-dinitrobenzoate of this ketol were 
identical (mixed melting points) with those from naturally derived (+-)-dihydrocinerolone. This 
work was reported briefly without experimental details and no amplification has yet been 
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published. Shortly afterwards Dauben and Wenkert (ibid., p. 2075) described briefly the 
synthesis of the higher homologue, (+-)-tetrahydropyrethrolone, by a similar route from 
tetrahydropyrethrone, but using only a 30-minutes reaction period and hydrolysing the bromo- 
ketone with an aqueous suspension of barium carbonate. They also prepared the acetoxy-ketone 
by reaction of the bromo-ketone with silver acetate. 

This paper describes a study of the bromo-compounds obtained by the action of N-bromo- 
succinimide on dihydrocinerone, tetrahydropyrethrone, and related ketones, made in connection 
with the synthesis of racemic dihydrocinerin-I and tetrahydropyrethrin-I, during which we have 
prepared (+ )-dihydrocinerolone and (+ )-tetrahydropyrethrolone. 

We found that dihydrocinerone reacted to completion in a few minutes with N-bromo- 
sucecinimide in boiling carbon tetrachloride, neither benzoy! peroxide nor ultra-violet irradiation 
being necessary. After removal of succinimide and solvent, the undistilled bromo-ketone was 
refluxed with silver acetate in glacial acetic acid. Fractional distillation of the product gave 
the aceforyhetone [(-+-)-dihydrocinerony!l acetate) in 60°, overall yield from dihydrocinerone. 
Since there was also a foreran of dihydrocinerone and the recovery of succinimide had been 
quantitative, it was suspected that di- or poly-bromination had occurred. This suspicion was 
confirmed, for the highest-boiling fraction had a carbon and a hydrogen content tending towards 
that calculated for a diacetoxy-ketone. Further, distillation of the bromination product resolved 
it into unchanged dihydrocinerone, monobromodthydrocinerone (the main product), intermediate 
fractions, and a final fraction with a bromine content approaching that calculated for a dibromo- 
dihydrocinerone. Dibromination, which was not mentioned by Soloway and LaForge or by 
Dauben and Wenkert, is not surprising since two allylic methylene groups (the 4 and 1’) are 
available for free-radical substitution. Attempts to hydrolyse the acetoxy-ketone by prolonged 
refluxing with aqueous suspensions of barium carbonate were not successful (contrast Dauben 
and Wenkert above), but brief hydrolysis with methanolic potassium hydroxide gave 

dihydrocinerolone which was characterised as its semicarbazone and 3 . 5-dinitrobenzoate. 
The overall yield from ketone to ketol was 44% 


< Met Bur (Me. Bus 4 Me-C Bue Bir 
Hy - ieeCH 

CHYytO CHyCO CH,CO 

(tl (tlle) . 11d.) 


¥ “ 
CMeC But CMe C Bue CMe-C Bu® OAc 
HorcH AcO-CH 
CHYCO CH,CO CH,-CO 
(Id (IVa IVb 


Similarly, tetrahydropyrethrone reacted rapidly and smoothly with one molecular proportion 
of N-bromosuccinimide, and the undistilled bromo-ketone gave, as above, tetrahydropyrethronyl 
acetate and (+ )-tetrahydropyrethrolone, which was similarly characterised. This product did 
not react with lead tetra-acetate in acetic acid in the presence of water and is not therefore an 
«-ketol (cf, Baer and West, /., 1949, 93). We also found that tetrahydropyrethrone reacted 
smoothly and completely with two molecular proportions of N-bromosuccinimide, without 
evolution of bydrogen bromide, and the dibromo-ketone so obtained reacted with yet another 
molecular proportion of N-bromosuccinimide in the presence of a trace of benzoyl! peroxide, 

Comparison of the physical properties and derivatives of our synthetic hydroxy-ketones with 
those of the corresponding naturally derived compounds shows satisfactory concordance (see 
Nature, 1948, 162, 222) and in conjunction with the mixed melting points determined by Soloway 
and LaForge (lec. cid.) leaves no doubt as to the identity of our products with naturally derived 

dihydrocinerolone and (+-)-tetrahydropyrethrolone 

In the communications of Soloway and LaForge (/oc. cit.) and of Dauben and Wenkert (loc. 
et.) no conclusive evidence or reasoned argument was given to support the assumption that 
bromination occurs in the 4-position of the ring and that the resultant ketols are 4-hydroxy-3- 
methyl-2-alkyleyelepent-2-en-l-ones. We have shown that substitution can occur in more than 
one position. Apart from the 4-methylene group, as pointed out above, the 1’-methylene group 
should be prone to substitution by free-radical reagents, while substitution at the 3-methy] group 
and at the 6-methylene group is conceivable though less likely. Strong evidence against the 
hydroxy-group derived from bromination with one molecular proportion of N-bromosuccinimide 
being elsewhere than at C,,. has been adduced (Harper, Ann. Reports, 1948, 45, 162). The 
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4-bydroxy-structure of (+ )-dihydrocinerolone has since been directly proved by synthesis: the 
cyclisation of (.. )-3-hydroxy-n-decane-2 : 5-dione gives a someone identical with the naturally 
derived material and with the ketol prepared by the N-bre i de route (mixed melting 
points of the 3: 5-dinitrobenzoates) (Schechter, Green, and LaPorge, J. Amer, Chem. Soc., 1949, 
71, 3165; Crombie, Edgar, Harper, and Lowe, forthcoming publication). Although this 
establishes that bromination occurs initially at the 4-methylene group, it does not follow that 
the following stages necessarily take the direct course (II —-» Illa —-> IVa —-» Id): there is 
a tendency for the products of N-b cinimide substitution to undergo allylic 
ts (I[la ——» 1116), and for anionotropic rearrangement to occur (IIIa ——> IVb, 
ot LL1b ——> IVa) on subsequent conversion into the acetoxy-ketones. That the acetoxy-ketone 
has the structure (IVa) is shown by its identity with naturally derived (+ )-dihydrocineronyl 
acetate, prepared by catalytic reduction of (+-)-cinerony! acetate which has been proved 
spectroscopically to contain an a$-unsaturated carbony! group (West, /., 1046, 463). It is also 
known that in the alkaline hydrolysis of such esters, through acyl-oxygen fission, no rearrange- 
ment occurs. Any scheme involving (IVb) is therefore excluded. 
The evidence excluding the participation of (IIIS) is less conclusive. LaForge and Barthel 
(J. Org. Chem., 1945, 10, 222) converted (+-)-dihydrocinerolone by thionyl chloride into a 
chloro-ketone, and dehalogenation of this with zinc in ethanol gave the unrearranged ketone, 
dihydrocinerone (11). If this is the reverse of the direct hydrolysis of the bromo-ketone to 
(+ )-dihydrocinerolone (Soloway and LaForge, Joc. cit.), then participation of (IIIb) is unlikely. 
No closely analogous system has been investigated in detail. Burton and Shoppee (/., 1934, 
201; cf. Allen and Spanagel, J. Amer. Chem. Soc,, 1932, $4, 4338; Burton, Shoppee, and Wilson, 
J., 1932, 720) carried out the reactions (VI —-»> V ——> VII) and did not detect any tendency 
for reaction as the rearranged form (VIII), although conversion into the acetate was not investi- 
gated. Roberts, Young, and Winstein (J. Amer, Chem. Soc., 1942, 64, 2157) found that 1- and 


CPRCH soci, CPRLCH AgOAe CPAICH Pr CHucl 
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CH,CO ‘CH, 
(VIL) (VIIL) 
3-methylallyl chlorides were converted by silver acetate in acetic acid, mainly by a Syl 
mechanism, into similar mixtures of acetates in which the primary acetate predominated. 
Subsequently Young and Andrews (ibid., 1944, 66, 421) found that on the alkaline hydrolysis 
in aqueous ethanol the primary chloride reacted mainly by a Sy2 mechanism to give predomin- 
antly the primary alcohol, whereas the secondary chloride reacted mainly by a Syl mechanism to 
give a mixed product. We consider that bromodihydrocinerone is predominantly (IIIa); this 
is consistent with the exclusive formation of (Id) on direct hydrolysis and with the deep-red 
colour of the 2 : 4-dinitrophenylhydrazone formed by bromotetrahydropyrethrone, indicative of 
a$-unsaturation to the carbonyl group. Nevertheless the mechanism of the reaction with 
acetate ion, and presumably other carboxylate ions, is such that some (IIIb) could be present 
without detriment to the purity of the product. 

Our main objective, the synthesis of racemic dihydrocinerin-I and tetrahydropyrethrin-L, 
was effected by refluxing bromodihydrocinerone and bromotetrahydropyrethrone respectively 
with silver (+-)-trans-chrysanthemate (Campbell and Harper, /., 1945, 283) in carbon tetra- 
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chloride. In a similar manher esters from (+-)-cis-chrysanthemic acid (Campbell! and Harper, 
loc. cit.) were prepared (see Table) (for an exposition of the nomenclature for these esters, see 
Harper, Chem. and Ind., 1949, 636). These esters at a concentration of 05°, w/v in refined 
kerosene (“ odourless distillate " weed as a spray base) have been tested for insecticidal activity 
against house-tlies by Dr. E. A. Parkin and Mr. A. A. Green of the Insecticides Section, Pest 
Infestation Laboratory, with the results summarised in the Table. The values are those of a 
single spraying, using a 10-minutes’ exposure in the spray chamber, by the standardised procedure 
of the Pest Infestation Laboratory (Parkin and Green, Nature, 1044, 154, 16) and comparison is 
made with the Official Test Insecticide containing 01% w/v natural pyrethrins. Although the 
esters derived from dihydrocinerolone show slight knock-down, all give negligible kill. Such 
results are in accord with the low toxicity observed by Haller and Sullivan (J. Econ, Extomol., 
1938, 31, 276) for hydrogenated natural pyrethrin-1, by Staudinger and Ruzicka (Hele. Chim. 
Acta, 1924, 7, 448) and by Gersdorfi (J. Econ. Extomol., 1947, 40, 878) for ( + )-»-amylrethronyl 
(+ )-trans-chrysanthemate resynthesised from naturally derived acid and hydrogenated alcohol 
The double bonds in the side chains of the natural pyrethrins are therefore of great importance 
for insecticidal activity 
‘sta MeICR . CMe.CR 
- Ic 
\cH, 60 ScH-COo 
(X1) (MXIT) 

Structures of the type of (X1) would be expected to eliminate HX with ease to give compounds 
which are formulated tentatively as eyclopentadienones (XII) or their dimers. Thus Staudinger 
and Ruzicka (Helv. Chim, Acta, 1024, 7, 226) record that pyrethrony! acetate eliminates acetic 
acid on pyrolysis, and on distillation the pyrethrins themselves give a lower-boiling fraction. 
When the synthetic esters described above were distilled, a forerun of chrysanthemic acid was 
obtained and characterised as its p-phenylphenacy! ester, This was not due to the presence of 
free acid in the crude product since the silver salt would not have hydrolysed under the 
conditions of the reaction and prolonged heating of the silver salt in a vacuum gave no volatile 
product. Treatment of bromodihydrocinerone with anhydrous trimethylamine in benzene and 
warming the quaternary salt thus formed with an aqueous suspension of magnesium oxide 
eliminated 90% of the bromine as trimethylammonium bromide. The resulting cyclopenta- 
dienone (XIL; R « Bu") would be expected to exist in a dimeric form but yield monomeric 
derivatives. A semicarbazone (m, p. 227°) and a deep-red 2: 4-dinitrophenylhydrazone were 
isolated in good yield and gave analytical values consitent with their being derivatives 
of 3-methyl-2-9-butyleyclopenta-2 : 4-dien-l-one. Similarly bromotetrahydropyrethrone with 
methanolic sodium methoxide gave no methyl ether but 83°, of the bromine was eliminated as 
hydrogen bromide to give a product yielding a semicarbazone (m. p. 219°), presumably of 


CMe -CHyCH CHOCH, CMeC-CH -CHBeCHCCH, CMeC -CH°CH-CHCCH, 
} pth 


Hy >» Hy > Hg 
CHyCO i Hyco CHyCO 
{ATIL) (XIN XV.) 


CMeCCHyCH,CH,CHOCH, CMet-CHyCHyCHBrCH-cH, 
Hy 
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eC-CHyCH°CH-CHOCH, 


XVII 


3-methy!l-2-n-amyleyclopenta-2 : 4-dien-l-one. This semicarbazone is probably identical with 
that (m. p. 220°) which Staudinger and Ruzicka (/oc. cit.) obtained from tetrahydropyrethrolone 
semicarbazone and regarded as being derived through heterocyclisation by elimination of water 
from the a-hydroxy-group 

Less success attended attempts to monobrominate, in the 4-position, cyclopentenones 
related more closely to cinerone and pyrethrone in that they contained alkenyl side-chains. 
3-Methyl-2-"-but-3’-enyleyelopent-2-en-l-one (XIII) reacted smoothly with one molecular 
proportion of N-bromesuccinimide, but after 15 minutes evolution of hydrogen bromide com- 
menced. The sole product isolated by distillation was unchanged ketone (~15°%,) together with 
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a non-volatile polymeric residue. Evidently preferential substitution occurs at the 2’-methylene 
group adjacent to the side-chain double bond, together with some disubstitution, possibly at the 
4-position. Elimination of hydrogen bromide from (XIV) would lead to a cross-conjugated 
trienone (XV) which might be expected to polymerise. Attention was then directed to 3-methy!- 
2-n-pent-4’-enyleyclopent-2-en-l-one (XV1) (the preparation of this ketone will be described in 
a forthcoming communication), for in this case preferential side-chain substitution at the 
3’-position followed by elimination of hydrogen bromide could lead to pyrethrone (XVII) and 
thence, with substitution at the 4-position, possibly to pyrethrolone (Ia) itself. After reaction 
with one molecular proportion of N-bromosuccinimide (again hydrogen bromide was evolved), 
only unchanged ketone (48°) could be isolated: no monosubstitution occurred, but all the 
ketone that reacted underwent dibromination. On the assumption that any bromopyrethrone 
present might polymerise on distillation, the undistilled bromo-ketone was treated with silver 
acetate in glacial acetic acid and the product converted into the semicarbazone; again only the 
derivative of the starting ketone was obtained, with no indication of the presence of pyrethrony! 
acetate semicarbazone. The side-chain double bond was blocked by the addition of bromine 
and the product treated with N-bre i but reagents used to eliminate vicinal 
bromine atoms also attacked the labile bromine at position 4. The N-bromosuccinimide route 
is therefore incapable of extension to the preparation of ketols containing alkenyl side chains. 





EXPERIMENTAL. 
Microanalyses, other than bromine determinations, were carried out by Drs. Weiler and Straus, 


Reaction of Lihydrocanerone asth N-Bromosuccens ¢.—-Dihydroc 3-19 g.) (regenerated from 
the semicarbazone; b. p. 113°/16 mm., #ff 1.4802; 7 Jd teas, $92) Yo a bromosuccinimide 
(3-75 g.. 1-0 mol.) were heated to boiling in carbon (10 ml). Reaction commenced, as 
shown by a marked increase in the rate of reflux and succinimide floating to the surface, within 5 to 10 
minutes and was completed by a further 15—30-minutes’ refluxing. In other experiments neither the 
addition of catalytic quantities of benzoyl peroxide nor the use of freshly recrystallised N-bromo- 
succinimiie caused any significant variation. The suspension was cooled to 0° and the succinimide 
collected (2-09 g., 99-5%,). The carbon tetrachloride was removed from the filtrate by distillation through 
a short column at atmospheric pressure and the ror @ over parafin wax in a vacuum desiccator, 
to give the crude bromo-ketone (5-52 g., 98%). “ 1- ct In another experiment the crude bromo- 
ketone (4-08 g.) was distilled at ca. 5 x 10% mm. ib a plain columa (2 x 6 mm.), both the flask 
and column be immersed in an oil- a to give the fractions: (i) b. p ee —&6" (0-21 g.); ii b. z: 

7—56", aff 1-51 78 6); mh. > {had 6) bp abete Br, 33-9. C “eo 

requires Br, 34.6%): (iv) b. p (0-62 g.} (0-44 g.) (Found ; ‘Br. ss 

Cy H,,OBr, aan ‘Br, 51- 5%). Fraction (i) consisted ed ketone and the recovery of this 
together with the quantitative recovery of succinimide is parr a with the presence of dibromodi- 
hydrocinerone in (v). The spread of b. p. of fractions (ii)—(iv) of the monobromodihydrocinerone was 
caused, in part at least, by fluctuation of pressure but does not entirely exclude heterogeneity of the 
roduct 

¥ Hydrolysis of Bromodshydrocinerone.—1lo early experiments, carried out in 1946, direct hydrolysis of 
the undistilled bromo-ketone was attempted by refluxing it with aqueous potassium carbonate. This 
procedure yielded a bromine-free product, boiling in the correct range for dihydrocinerolone, which it was 
attempted to characterise as semicarbazone. owever, only small quantities of impure derivative were 
obtained which could not be ey purified. Later experience showed that even when pure ketol 
is used the semicarbazone is formed and isolated with difficulty and only in low yield. It is likely 
therefore that (+ )-dihydrocinerolone was actually obtained in these experiments. 

The undistilled bruomo-ketone (4-50 g.) and powdered silver acetate (7-56 g.) were refluxed in glacial 
acetic acid (25 ml.) for 4 hours. Next day the silver bromide was filtered off (3-08 g., after being washed 
with dilute nitric acid, equiv. to only 83-5% reaction) and the acetic acid removed by distillation through 
a short column under slightly reduced ates get Distillation of the “es telded, after a small forerun, 
acetoxydihydrociner (( + )-dshydroceneromyl acetate by roa 47g A hyd, Fy 00.103" (mainly 101") /0-75 
mm., nit 1-472 (Found C, 662; H, 02. CypH yy 2; ti $6%). The semicarbazone, 
prepared in the cold, had m. p. 148° not until 163°, but could sot be satisiactorily purited The 
red 2: peer pg Sue when in cold alcohol abe Sages see ae and crystallised from 

. “ in bol 





ketone, the 
Bf 1-4510 (80 = ps ay ly C, 76-9; 
(7 .) (Pound: C, 68-6; 


. pP. 14770 
uy Pp. = 1-4775 (180 a me the (Pound : C, 65-2. itt ing “en 1 477% 310 
and (v) b. 120—131° (210 ma C, 65-4; aes uires Me f 4; ae 
a Sianienals segeions § Jacd toeene tome 


mich ik man shown ane 
ine) cated of the momen aon, Gas ieide on tntiedion af Tommcomaiien 
diaydr derived from the small proportion of dibromoketone 


(1-63 ‘was holies refluxed with excess of 0-6n-methanoli. 
63g) wae hy po pn back-titration at 20-minute intervals. 


Fraction (i) contained 
ractions ( 
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After 6 minutes bydrolyms was 96%, complete and the methanol was removed ee = a colump 
Ether-extraction of the oily rs are ae and distillation yielded, a small ftorerun, 
(+ nag ng ag (0-96 «.. b 114-117" 0-8 mm., wf 14062; beets and LaForge (/ 

1947, 6D. Bye ty p. ite 114°/0-3 mm. 1-4955, for their synthetic keto! 
a he Barthel (/. Org. Chem, 1945, 10, 222) record b. p. 115-117" /1 mm., »ff 1-4958, for “ natural ” 
material Thes §-dlainvchensante, triturated with light petroleum and « rystallised twice from ethanol, 
had m. p. 110--130-5° (Found: C, 463; H, 50. Cale. for C,,H,,O,N,: C, 56-5; H, 49%); Soloway 
and Lal orge (loc. cif.) record m p 111° for their synthetic derivative and m. p. 111° for the “ natural 
ester. The semicarbazone had m p. 184-185"; Soloway and LaForge (lec. cif.) record m. p. 187" for 
their synthetic derivative, LaForge and Barthel (Joc. cif.) record m. p. 185°; and West (/.. 1946, 463 
records 184-1845" for the naturally derived (+ )-semicarbazone 

Reaction of Tetrahydropyrethrone with N-Bromosucctmimede —Tetrahydropyrethrone (447 ¢ 
regenerated from the semicarbazone; b. p. §2-5°/0-7 mm., aff 1-47 64) was brominated, by the above 
procedure, to give the crude bromo-ketone (6-6 g) (2. 4-dinitrophenythydrazone, deep-red needles, m. p 

28-130", from methanol) 

Hydrolyus of Bromotetrahydropyrethrone —The undistilled bromo-ketone (6-6 g.) was likewise treated 
with silver acetate (12.0 g.) in bowling glacial acetic acid (25 ml.), and the product fractionally distilled at 
3 mm. to give the fractions @> 116-5124", nif 14731 (0-24 ¢ b. p. 124—120°, nif 1-4755, 
(O22 @.); (ii) b. p. 128-—135", e bares (0-33 g.); (liv) b 135-140", “ 14790 (1-400 g); (v) b. p 


140.144", wfP 11-4745 (1-67 @); *, b. p. 44 tas", af 1-4750 (0-86 g); and (vii) b. p. 145 —168", nF 


14770 (0-38 « Fractions (iv)—-(vi) were bulked and redistilled to give acetoxytetrahydropyrethrone 
(+) tetrahydropyrethrony! acetate) (3-01 g.. 0%, overall a wx = sautheena, © p. ite 
146° /3 mm., aff 14747 (Found : ¢ 6: H.@5. Cale. for C,, 69-6; H, 90%). Dauben and 
Wenkert | rf — Chem. Soe., 1047, @@, 2075) record b. p. 120-— ns? lan. nf 1-4755, for their synthetic 
product; Weat 1045, 412) records b p. 117°/1-3 mm., aff 1-4761, for naturally derived ( +)-acetate 

In another A'D 1, in an attempt to eliminate some of the manipulation, tetrahydropyrethrone 
(1-72 @) was brominated with V-bromosuccinimide (1-85 g.) in carbon tetrachloride (15 mi.) and the 
separated succinimide filtered off. Silver acetate (14) g.) was added to the filtrate, and the suspension 
shaken at room temperature for 48 hours. After filtration and removal of the solvent the residue was 
fractionally distilled at 0-4 mm. to give the fractions. (1) b hag —#0", nif 1-4804 (120 mg.) (Found: C, 
767; H, 100. Cale. for C,,H,,O: C, 704; H, 10-90%); “> Jag: 91-103", w]f 1-4808 (150 of} (iii) 
b. p. 103°, wif 1.4796 (260 mg.) (Found: C, 686; H, 60 or CHO, : C, 606; H, 90%); (iv) 
b. p. 104°, nf? 11-4797 (130 mg); and (v) b. p. 105°, wi 1 Pw 140 me ) Found C, 6@7; H, > 15%). 
Fractions (i)—(ii) evidently contained unreacted tetrahydropyrethrone; fractions (iii)—(v) were pure 
acetoxytetrahydropyrethrone 

Although the acetoxy-ketone gave a « red 2: 4-dinitrophenylhydrazone this could not be satis- 
factorily purified. The semicarbazone, whic rated as an oil and only slowly solidified, had m. p. 
132--132-5", but there was insufficient for purification; Dauben and Wenkert (Joc. cit.) record m. p. 
8686" for the semicarbazone, but this seems far too low, particularly as the naturally derived 

+ )-semicarbazone has m 140-141" (West, loc. ott.) 

In an attempt to hydrolyse acetoxytetrahydropyrethrone, the ester was recovered unchanged after 
24 hours’ refluxing with an aqueows-aleoholic suspension of barium carbonate. However, hydrolysis 
was achieved by refluxing the acetoxy-ketone (0-63 g.) with a slight excess of O-Sn-methanolic potasssium 
hydroxide for 1 hour Extraction and distillation gave, after a small forerun, (+-)-tetrahydro- 
yrethrolone (0-25 g., 49%), b. p. 125--127°/0-4 mm., aff 1-4882 (Found: C, 72-1; H, 99. Cale. for 

nH,,O,: C. 725. H, 100%). Dauben and Wenkert (loc. cit.) record b. p. 118--120°/0-3 mm., #ff 
i doz)" for their synthetic ketol, West (loc. cif.) records b. p. 126-——127°/0-8 mm., wf? 1-4932, for naturally 
derived (4)-ketol; LaPorge and Barthel (/ Org. Chem., 1045, 10, 114) record «ff 1-4900 and for 
(+.)-tetrahydropyrethrolone, sff 14892. The 3°: 5-dinitrobenzoate crystallised as needles with m. p. 
105-106", Dauben and Wenkert (loc. otf.) record m. p. 106-—106-5" for the synthetic ester. The 
—_ arbasone crystalimed from ethy! acetate, had m. p. 169°; Dauben and Wenkert (loc. cit.) record 

mp 170-2. 170-6" for the synthetic cemicarbasone LaForge and Barthel (loc. e44.) record m. p. 172— 
173° and West LJ., 1946, 463) records m. p. 172--174° for the “ natural ” (+ )-semicarbazone 

Preparation of Pyrethrins —The (+ )-trans woth hen acid used was prepared by Mr. H. W. B 
Reed following the procedure of Campbell and Harper (/., 1945, 283). When freshly prepared it had 
m. p. 4054-5", but when kept developed an unpleasant odour and softened before melting. This 
is characteristic of the trens-acid, whereas the (+-)-cty-acid remains unchanged over a period of 
years. The (+ )-(rans-acid (202 ¢) im aleohol was neutralised with approx. 0-1N-potassium hydroxide 
phenolphthalems) and then rendered faintly acid with dilute nitric acid, a slight excess of aqueous 
ammonia added, and the solution boiled until neutral. The silver salt was precipitated with a slight 
excess of approx. ( 1n-silver nitrate, washed, and dried at 100° to a grey powder (3-02 g , 92% 

Silver (+ )-rens-chrysanthemate (2-43 ¢. 1-1 mols.) was added to the filtered solution of bromodi- 
hydrocinerone in carbon tetrachloride (25 ml), freshly prepared from dihydrocinerone (1-45 ¢ The 
eaction mixture was kept at room temperature overnight, then refluxed for 30 minutes, filtered, and 
evaporated, and the residue was distiled at 10°* mm. in a small flask with a short distillation path. The 
following fractions were obtained : (i) b. p. 65--72° (660 mg i) b. p. 105-—121° (880 mg and (in) 
b. p. 121-130" (580 mg) Fraction (1) was yellow because of decomposition towards the end of the 
listillation. Recistillation of fractions (11) and (ili), after a small forerun, yielded (+)-n-dutyirethronyl 

t)-trans-chrysanthemate (dihydrocimerin-l), b. p. 114—115"/1 x 10° mm., wif 1-4992 (800 mg, 29% 
overall) (Found: C. 7475; H,®5. CyH QO, requires C, 7565; H, 95%). An attempt to characterise 
this keto-ester as a 4-phenyisemic arbazone tailed When fraction (i) was cooled to -- 80°, crystallisation 
started. The solid had m " 4252" (Pound: C, 71-1; H,®4 Cale. forC,H,,O, C, 714; H, 96% 
Ite identity as (+ )-‘rans-chrysanthemic acid was confirmed by preparation of the p-phenyl vi 
ester, m. p. 113-6—115", not depressed on admixture with an authentic specimen (Campbell 
ioe. est.) Although silver ( + }-frenr-chrysanthemate became black and formed a mirror when hea 
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240° at 10°* mm., no distillation occurred. It is evident that the acid obtained above was formed by 
pyrolysis of the ester. 


soe wah ter (shag aah eg me dropyreth (10 g.) and 
reaction with silver ( ‘rans thrYeentbemate. 1h Fractional distillation of the crude 
ve ® eme.) Poeed , Te: H, 9-55. a for C 
(i) b. Pi io—iee a mg). F 
themic acid. Redistillation of fraction (ij) with 
|-n-amylrethromyl (+ )-trans-chrysanthemate (letrakydropyrethrin-1), b. 
(a10 mg. 21% overall) (Found : C, 74-2; H, 96 Colts requires C. 
gave a brick-red 2 : 4-dinitrophenylhydrazone crystallsing after 
as prisms, m. p. 167°. 
(+)-cts-Chrysanthemic acid (1-02 g.) was dissolved in a slight excess of 2-5x-sodiam hydroxide, and 
rendered slightly acid with dilute nitric ccid and then just alkaline with ammonia. The silver salt 


was precipita by a slight excess of approx. 0-In-silver nitrate, washed, and dried at 100° (1-41 g., 
87%). 





a similar procedure dihydrocinerone (700 mg.) was brominated and then treated with silver 
(+)-cis-chrysanthemate (1-18 g.). The uct boiled mainly at 133-—144°/3 x 10°* mm., and crystals 
of (+)-cts-chrysanthemic acid separa on storage. A hghbt-petroleum solution was therefore washed 
with sodium hydrogen carbonate, and the residual ester re-distilled, to give (+ )-n-butylrethromyl (+ )-cis- 

chrysanthemate, b. p. 117—-119°/3 x 10% mm., “aergentretones 38%, overall) (Found; C, 741, 74-2; 
H, 06,95. C,.H,.O, requires C, 75-5; H, 95 

bag ae (740 mg.) was uenusianted and then treated with silver ( . )-cis-chrysanthemate 
(1-28 g.). Distillation at 10* mm. gave fractions: (i) » 2 63-95" (40 mg.)}, and (ii) b. p. 120—153° 
(900 mg.). Both fractions deposited crystals when kept, which after being rinsed with light petroleum 
had m. p. 108—113°, not depressed on admixture with authentic (+ )-«ts-chrysanthemic acid. The 
light-petroleum solution was washed with sodium aeeoege ydrogen carbonate, dried, evaporated, and distilled, 
to give | +)-n-amylrethromyl ( ee enw p. 120-—124°/2 » 104 mm , nif 1-4980 (640 mg., 
43%, overall) (Found: C, 743; H, 9-6 ,H,,O, requires C, 75-9; H, 95%) 

{mmediately after distillation portions ‘a these esters were sealed under nitrogen for analysis and for 


insecticidal assay. Portions kept for nearly 2 years show no signs of deterioration 

Elimination of Hydrogen Bromide from Bromodshydrocinerone.—Anhydrous trimethylamine vapour 
was passed into a solution of the bromo-ketone (850 mg.; b. p. 56°/6 x 10°¢ mm., «jf 1.5178) in dry 
thiophen-free benzene (10 ml). There was an immediate precipitate of white crystals, The suspension 
was kept for 12 hours, and then more trimethylamine vapour was passed in to complete the reaction. 
Benzene was removed in a vacuum at 40°, a suspension of magnesium oxide (400 mg.) in a little water was 


added, and the suspension boiled for 30 minutes. The organic material was extracted with ether, and the 
extract divided into two portions after being dried. One portion of the ethereal extract was evaporated 
and the residue converted into the 2 : 4-dimstrophenylaydrazone in boiling alcoholic hydrochloric acid. It 
separated in two forms from Cellosolve (methyl! ether)-—a dark red form crystallising almost at once and an 
orange modification which separated only on long of the mother-liquor. Both formed dark red 
blades, m. p. 236°, from alcohol-nitrobenzene (Found : C, 58-75; H, 5-4; N, 16-6. C,H,,O,N, requires 
C, 6&2; H, 5&5; N, 16-08%) The other portion of the extract yielded, after 5 minutes’ reduxing with 
semicarbazide hydrochloride in pynidine-ethanol solution, a semicarbazone, m 227° (decomp.) (from 
Cellosolve) (Found: C, 63:1; H,80. C,,H,,ON, requires C, 63-7; H, 8-3%) ttempts to characterise 
the 3-methy!-2-n- butylcyclopenta- 2: 4-dien- Tone as its dimer were unsuccessful. 

Elamination of Hydrogen Bromde from Bromotetrahydropyrethrone —Undistilled bromo-ketone 
(500 mg.) was to a cold solation of sodium (47 mg., 1 g.-atom) in methanol (5 ml.) and kept for 
12 hours at room temperature. acidified and extracted with ether. The 


requires C, 65-1; 

2 : 4-dien-l-one and not he aucigt alter ON, requires C, 61- , 16 
Undistilled bromo-ketone (from 197 . of tetrah ) was refluxed with zinc dust 

(160 mg.) in ethanol (2 ml.) for 45 minutes. i of water and extraction with ether yielded a viscous 





Reaction of 3-Methyl-2-n-but-3’ 


with 
OO 5) Gepeetes ted from the semicarbazone ; b. p- 120-139" /25 mm., wey 12088, 
reacted smoothly with N-bromosuccinimide (1-42 g.. 1-0 mol.) i baling Corben Baoan ch. Harper, tit 
After 15 minutes evolution of hydrogen bromide was observed, and was continued until this was 
complete (ca. 1 hour). After filtration and ion of the solvent the viscous residue was distilled. 
The sole volatile product 160 mg) had bp 3077 > 10 mm. end gave s 2: 4dinitrophenyiydrasooe, 
from ethanol in red needles, m. p. 145°, not on admixture with the 2: 
, loc. ott.). This derivative occasionally exhibits 


. 160". 
-4'-enyicyclopent-2-en-l-one with N-Bromosuccinimide—The ketone 
de cupiabianios b. p. 127—129°/20 . 

inimide (1-78 g., 10 mol.) in warm carbon tetrachloride (10 ml.). 
until the evolution of hydrogen bromide commenced. The suspension was then 
(0-91 g. of succinimide, 88%), and evaporated. Distillation of the residue gave, 
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a. anchanged ketone, b. p. 82-91" /0-35 mm., «ff 1-4997 (0-05 ¢.), and a polymeric residue. The 
te was converted into semicarbazone (1-07 g., 48%), which had m. p. 172—-173° after one 
ination and did not depress the m. p. of the original ketone semicarbazone. The ketone reacted 
2 molecalar proportions of N -bromosuccinimide but required the addition of benzoy! peroxide after 

30 minutes’ refluxing to sane the reaction. 

In another experment uxing was continued until evolution of hydrogen bromide was complete 
Without distillation the product was refluxed with silver acetate in glacial acetic ackl. The suspension 
was filtered, the acetic acki removed in a vacuum, and the residue converted directly imto the 
semkarbazone. The uct had, however, m. p. 171-172" which was not depressed on admixture with 
the semicarimzone of origina! ketone. 

Addition of 10% bromine in carbon tetrachloride (1 mol.) to the ketone below 0° required illumination 
for decolorisation to occur, The 3-methyl-2-(4 : 5’-dibromo-n-amyljcyel t-2-en-l-one so formed was 
characterised by «a 2: 4-dinurophenylaydrasonse, m. p. 123-124" (Pound: C, 413; H, 36. 
Cy, HON, Br, requires C, 40-6; H, Without isolation the dibromo-ketone was treated with 
N-bromosuccinimide (1 mol.) ; reaction took place rapidly, with some evolution of hydrogen bromide 
towards the end. Kefluxing of the tribromo-ketone with potassium iodide im ethanol effected only 

jal removal of the vicinal bromine atoms. This was confirmed by re-examination of the dibromo- 

one which likewise reacted only slightiy with potassium iodide in ethanol 
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201. Some Compounds related to the Aromatic “ Nitrogen Mustards.” 


By Gronce A, R. Kow and Joun J. Roserts. 


oo gga of certain compounds related to the cytotoxic “ nitrogen mustards " is 
deserit 


Numerous di(halogenoalkyljarylamines, of which di-(2-chloroethyl)janiline PhyN(CH,°CH,C)), 
is typical, have been found to have a powerful cytotoxic activity and to inhibit the growth of 
transplanted tumours in rats (Haddow, Kon, and Ross, Nature, 1948, 162, 824). A number 
of sach compounds has been described (Koss, /., 1949, 183; Everett and Ross, ibid., p 

and certain generalisations have been made in relating the structure of the compounds to their 
biological activity, Thus, it appears essential that two halogenoalkyl! chains should be present 
and that the halogen atoms should not be separated from the nitrogen by more than two carbon 
atoms; the activity of these compounds could be satisfactorily related to the ease of hydrolysis 
of the halogen atoms in aqueous acetone 

It appeared of interest to test these conclusions by examining related compounds possessing 
two side chains of unequal length, and also compounds with side chains longer than the optimum 
but with additional substituents conferring the requisite reactivity on the halogen atoms. 

For this purpose a series of anilino-alcohols was prepared. These call for little comment, 
except that 4-anilinobutanol, which had already been obtained (Ross and Everett, Joc. cit.), has 
now been prepared more easily in a pure state by condensing aniline with 4-chlorobutyl acetate 
to give the crystalline 4-antlimobuty! acetate, which was then hydrolysed. The latter acetate 
could also be condensed with a second molecule of chlorobutyl acetate to give di-(4-acelorybutyl) - 
aniline, and the parent compound was obtained in a pure state by alkaline hydrolysis; however, 
all attempts to prepare the corresponding chloro-derivative failed 

Condensation of the anilino-alcohols with ethylene chlorohydrin afforded compounds of the 
type Ply N(CH CHO) (CH,)°OH, where » was 2, 3, 4, and 5, and the products were then 
converted into the chlorides. Attempts to prepare the same compounds with the aid of ethylene 
oxide were not successful, Similar compounds were obtained when using 3-chloropropy] alcohol 
in place of ethylene chlorohydrin, but the series was not extended further because compounds 
with longer side chains were invariably inactive, in agreement with their low rate of hydrolysis 
in aqueous acetone 

This inactivity was not due purely to steric factors such as the separation of the reacting 
groups in space owing to lengthening of the side chain; this was strikingly borne out by an 
examination of a series of compounds of the general type (I), in which the terminal halogen 
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atoms can be more widely separated, for reactivity depends on their position with reference 
to the activating group, namely nitrogen. 


ArN—{CH,Je—NAr 
(CHJeHal (CHyleHat 


For the preparation of compounds in which the nitrogen atoms are separated by two or more 
carbon atoms two methods are available and both have been used : in one of these two molecules 
of the anilino-alcohol are condensed with one of the appropriate alkylene dibromide, a method 
already much used by von Braun in analogous cases (Ber,, 1908, 41, 2156) : 


Ph¥—(CHa—NPh 
(CH,OH (CHJOM 
alternatively, an a@-dianilinoalkane is condensed with ethylene oxide or a chlorohydrin 


vay {CHP 
(cH. OH (CH).OH 


Chlorination of the hydroxy! groups then affords the appropriate chioro-compound. The 
second method appeared to be especially promising as a route to compounds in which m = 1, 
since Eibner has described the preparation of di-(o-tolyl)methane and other similar compounds 
(Annalen, 1898, 302, 349). This compound was condensed with ethylene chlorohydrin to give a 
product which appeared to be mainly the desired dihydroxyethy! derivative, but it could not 
be completely purified and gave no definite compound on chlorination. 

It was hoped to obtain similar compounds by a variant of the first method, namely by 
condensing anilino-alcohols with formaldehyde. The condensation of some ethanolamines with 
formaldehyde, acetaldehyde, and benzaldehyde has been studied by Knorr and Matthes (Ber., 
1901, 34, 3484), who showed that the intermediate compounds lose water and cyclise to 
oxazolicines : 


[ ead ae D ie 
RNH-CH,yCHyOH + CH,O ——> RNL >» RN q 

CH,Ou CH,—-O 
Bergmann, Ulpts, and Camacho (idid., 1922, 56, 2706) found that phenetidinoethanol behaved 
similarly. We have prepared a number of N-aryloxazolidines in the same way. 3-Anilino- 
propanol also condensed readily with formaldehyde to afford 3-phenyl-1 : 3-ovazine. 
4-Anilinobutanol gave under similar conditions what appeared to be the intermediate hydroxy- 
methyl compound, which was unstable and lost water on distillation to pass into the cyclic 
compound, 3-phenyl-1: 3-pentoxazsoline (3-phenyl-l-oxa-3-azacycloheptane). 5- Anilinopentanol 
and 6-anilinohexanol appeared to react with formaldehyde, but on distillation the products 
decomposed and the starting materials were the only products isolated. All efforts to condense 
esters of anilino-alcohols with formaldehyde and so avoid cyclisation were fruitless. 

The preparation of compounds in which the nitrogen atoms are more widely separated did 
not present much difficulty; the compounds of type (I) in which » — m « 2 were some of the 
most active compounds yet tested and this has prompted the preparation of several analogues, 
in which the group Ar and the side-chain were varied. It may be noted that aliphatic analogues 
of these, such as N.N’-diethyl-N N’-di-(2-chlorcethyl)ethylenediamine, have proved to be active 
cytotoxic agents (SK 882, Abstract of Final Report to the Chemical Corps, March I4th, 1948). 

Biological activity is maintained in derivatives of propylenediamine and gradually falls off as 
the distance between the nitrogen atoms is increased. Lengthening of the halogenoalky! side 
chains, on the other hand, leads to complete loss of activity, in agreement with the theoretical 
views developed above. Thus, already the di-3-chloropropy! derivative of NN’-dipheny!l- 
ethylenediamine is inactive. 

To afford a comparison with the compounds already described by Ross (loc. cit.) a few 
representative compounds of type (I) have been hydrolysed in boiling 50%, acetone—water for 
} hour and the following values obtained : 


Ar 


2Ph-NH(CHJ,OH + BriCH).Br —> 


Ph:NH(CH,Jj.NHPh —> 


. 
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Iateresting analogues of these compounds should be formed by the condensation of 2 moles 
of anilinoethanol with one of a di(balogenoalky!)aniline 


(TEE PhN—CH,-CH,—-NPh—CH,-CH,-NPh 
2PhNH-CH,CH,OH + Phot ~ ; vCHyNPh 
teienshaett \CHYCH,C! HyCH,OH CHyCH,OH 


Unfortunately all attempts to prepare such compounds led to diarvipiperazines (cf. Davis and 
Ross, /., 1940, 2831 
EXPERIMENTAL. 
(M. p.s are uncorrected.) 


Arylamino-aleohols — prepared as described by Schorygin and Smirnov (/. G 
Chem. Russia, 1934, 4, 830). mA ey maw a which had previously been obtained in 20% 
condensing ally! alcohol with aniline (Hromatka, Ber., 1942, 76, 379), has now been obtained in 70% 
yield from trimethylene chiorohbydrin and aniline by Schorygia and Smirnov’s procedure, namely by 
dropping the chlorohydrin (1 ) during § hour into aniline (2 mols.) and water (1 mol.) kept at about 
140° and then gently boiling the mixture for 1 hour; alkali was added to the cooled product and the 
anilino-alcobol extracted with ether and purified by distillation. 2-Anilinopropanol (Dains, Joss, and 
Stubbs, Univ. Kansas Sei. Bull, 1931, 9D, 161) was conveniently prepared by heating equimolecular 
quantities of aniline and propylene oxide to 150° for 15 hours and then working up the product as above 
yield 70%). 4-Chiorobutyl!l acetate (Cloke and Pilgrim, /. Amer. Chem. Sov, 19ho. 1. 7) (1 mol.) 
was be under reflax with aniline (0-1 mol.), tum carbonate (0-06 mol.), and water (50 c.c.) for 
10 hours, with vigorous stirring, the uct, isolated by means of ether, gave on distillation 25% of 
« fraction, b. p. 150-—158°/1-8 mm_., which solidified and then crystallised from pentane in plates, m 
3334", consisting of 4-eniiimobutyl acetate (Found: C, 608; H, &7. C,,H,,O.N requires C, 60-5; 
H, &5%). The alcohol was obtained from the acetate by hydrolysis with cold methanolic potassium 
hydromide and boiled at 138-—~140°/1 mm. (Pound: C, 72-5; H,®2. Cak. for C,,H,,ON: C, 72-7; H, 
92%). Pentamethylene chlorohydrin (Bennett and Heathcote, /., 1029, 268) was boiled with 2 moles 
of aniline for 6 hours; excess of ~~ um hydroxide was added to the cooled product, which 
was extracted with ether, giv of smopentanol, 2 164°/1-4 mm. (Found: C, 73-7; H, 97 
C,,H,,ON requires C, 73-7; H, 96%). Hexamethylene chlorohydrin (Miller and Vanc, Monatsh., 
a7, 7. 250) gave on similar treatment a 74%, yield of 6-anslinohexanol, b P 136° /0-05 mm., crystal- 
lising as stout needles, m. p. 42°, from benzene-light petroleum (Found; C, 74-5; H, 100. C,,H,ON 
requires C, 745, H, #9%). When 2-naphthylamine was heated with ethylene chlorohydrin with or 
without the addition of chalk and water, 2-napAthylaminoethanol could not be isolated from the product 
it was, however, formed together with the NN-bishydroxyethyl compound (Ross, loc cst.) on heating 
nhaphthylamine with one mole of ethylene oxide to 100° tor 6 hours; the crude reaction product was freed 
from unchanged naphthylamine and some dinaphthylamine by chromatography in benzene solution on 
Spence type H alumina. the hydroxylated compounds were recovered by stripping the column with 
methan they were treated with formaldehyde (see below), and the oxazolsdime formed was separated 
by chromatography in ethereal solution and recovered from the first runnings; it formed plates, m. p 
v1.02", from methanol (Pound: C, 783; H, 66. C,,H,,ON requires C, 784; H, 66%). The 
oxasolidine (5 g.) was dissolved in the minimum amount of alcohol, and 10 ¢.c. of hydrochloric acid were 
added, causing a deep red colour to eS solution was heated to the b f. . rapidly cooled 
diluted, basified, and extracted with ether ethereal extract gave a good yield of 2-naphthylamino- 
ethanol, b. p. ~ 180° /0-7 mm., m. p. 49-80" (crystallised after being rubbed with light petroleum) (Found 
C, 765, H, 70%. CyHyON requires C, 770; H, 70%). The compound rapidly darkens on exposure 
to light and air and is therefore difhcult to crystallise although a small amount of prisms has been obtained 
by eo evaporation of a benzene-light petroleum solution 

N-2-Hydrosxyethyl-N-3'-hydroxypropylansiine, obtained from 3-anilinopropanol and ethylene chioro- 
hydrin in 75%, yield as described for anilinobuty! acetate, had b. p. 150-—-190°/0-3 mm. (Found: C, 
67-7; H. 88 C,.H..O.N requires C, 67-7; H, 88% 

N-2-Chlorcethyl-N -3'-<chioropropylaniline was prepared from the preceding compound by the general 
method given by Everett and Ross (loc. ei.) and was a pale yellow oil, which was analysed in the form of 
its pierate, yellow plates, m. p. 91° (Pound: N, 12-7. C,,H,,O,N,Cl, requires N, 12-3%). The yield 
was 50%, the same method of chlorination was used throughout this work and gave yields varying from 
40 to 6% 

N22 Hydroayethyl N-4 -Aydrorybutylantiine, obtained from anilinobutanol in 76% yield as described for 
the previous compound, had b. p. 180-190" 0-4 mm. (Found: C, 60-1; H, @5. C,,H,,O,N requires 
C, 689, MH. #2% 

N-2-Chiorvethy!-N 4 -chlorobutylaniline was an oil which was analysed in the form of its picraie, yellow 
plates, m. p. 103-104" (Pound: C, 45-0; H. 45. C,,H,O,N,Cl, requires C, 45-5; H, 42%). When 
Coot the chioro-compound oor deposited a sould m. p. 174 itration with silver nitrate and 
dichlorofiuorescein suggested that one chlorine had become ionic and the compound was probably 
N-pheny!- \ -2-chlorvethylipyrrolidinium chloride 

NN-Do-(¢-Aydrorybuty/jantiime. Equimolecular quantities of 4-anilinobuty! acetate and 4-chlorobutyl 
acetate were condensed as described under the preparation of the former compound (20 hours). The 
fraction, b. p. 190-.210° 0-5 mm. (20%, yield), was the diacefate (Found: C, 67-2; H, &3 C,,HyON 
requires C, 67-3; H, 85%) from which the required alcohol was obtained on hydrolysis with cold 
met hanolic pasa hydroxide; the diol had b. p. 190° /0-3 mm. (Found C, 70-7; H,®7. C,H ON 
requires C, 70-0, H, 8%). All attempts to a dichloro-compound were unsuccessful 

Onasolidimes.-- The appropriate anilino-alcohol (8 g.) was rubbed with excess of 40% formaldehyde 


solution, whereupon (in most cases) a clear solution formed in 1—2 minutes. This then became cloudy 
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and a heavy colourless oil (or solid) separated, Sole eat Se ees fy ene with ether and 
purified by distillation or crystallisation, the yields were quantitative. The following were obtained ; 


, Required. 
Compound. 4 . : » Formula. C,% H. 
3- Phenylosasoldine . P- “ . : ; C,H,,ON 73 


3p Methoxyphenylosacoleds - p. os" S Cyl yO 1s 
(hight ) 
3. Phenyl-5-methylosasolidine * . Pp. ve CyHywON 7? 80 


3-Phemyl-1 ; B-omarine * ‘Bp. ; Cy yON 
PI (3-phenyl- Bp 115" 4 mm - , Cy, HyyON 


l-one- ) 
2 3-Liphenylosasoldine ¢ Needles, m. p. 84-85" : C,,H,,ON 
(methanol) 





* Purified by chromatography + Benzaldehyde used in place of formaldehyde 


Senn See -NN’-di-(2-hydroxyethyljethylenediamine. 2-Anilincethanol (0-2 mol.), 
ethylene dibromide (0- }, chalk (0-15 mol.), and water — c.c.) were boiled under reflux 
stirring for 10 hours. The product was extracted with SS oeamane, evapensee’, ees 
the fraction, b. p. 220-—230°/0-7 mm., obtained in 74% Ree and crystallised from benzene-— 
rg Seat p. 60—80") in plates, m. p. 80—~—90° (Found : ary 72-2; H, 80. C,,H,,O,N, requires 

, 724 

NN’ ‘ piphenyt WN’ See a ea formed stout needles, m 81-82", from light 
petroleum (b. p. 40-60") (Found: C, 640; H, 65. C,,H Cn agen 641; H, 66%). 

The following compounds were by exactly niess otherwise stated 

NN‘-Diphenyl-NN’-ds-(2-hydroxyet yl trimethyleneds amine, b. p. s10- -222° 0-6 mm, flattened needies 
= at ty petroleum), m. p. 112—-113° (75%) (Found: C, 72-8; H, 86. C,sH,,O,N, requires 

, 7246; H, &3 

NN’ “Diphenyl-’ NN’ -di-(2-chloroethyl trimethylenedianune, an oil (Found Cc @i; M, 74. 

CyHyN,Cl, requires C, 64-9; H, 6-9%). 

n®- nphenyl-NN ‘-di-(2-hydroxy. )ietramethylenediamine. in the preparation of this compound 
and its pentamethylene no chalk or water was used, the components heated on the 
steam-bath for 6 hours, and cooled mixture then treated with an excess of 2x-sodium hydroxide. 
The fraction, b. p. 200-—220°/0-5 mm. (18% yield), solidified and was rubbed with ether, and then 
crystallised from ea wee forming plates, m. p. 79-80" (Found: C, 73-3; H, #6 
CyH,,ON, requires C, 73-2 86°) 

NN’-Diphen henyl-NN’-ds-(2-chloroethyl \tetramethylened a ese age p- 
65° (Found : C, 65-4: H, 7-0 <li acteme 65-7; 7-2%) 

NN’*- -Diphenyl- NN‘-ds-(2-Aydr was obtained exactly like the tetra- 
methylene — yield 22%); the crude fraction, b. p. 200 mie 0-4 mm., was analysed (Found 
C, 72-6; H, 86 HyON, coquises C, 73-7; H, §-8%) 

NN’-Diphenyl- NW. Calor cethyl) pentamethy! was a colourless oil, b. p. 170°/0-2 mm 
(Found: C, 664; H,76. C,,H,N Fequires C, 66-5; H, 7-4%). 

NN’ - Duphenyi- NN’ -ds.(2-Aydromwyethy!) thyl , obtained in 66% yield from NN -dipheny! 
hexamethylenediamine (von Braun, Ber., miele, 43, 2859) and ethylene chlorch ydrin the chalk and 
~~ had b. p. 280°/2 mm. (Found ; C, 740; H,@1. Cy.H,O,N, requires C, 741; H, 01%) 

“-Dipheny NN -ds- Oa d was crystallised successively from | 
light — forming prisms, m. p. 66° (Found: C 

















7 
* 2. 


NN’ -Dipheny AN. th cpleeneste shally uced in OK i from 2-anilino 
propanol and ethylene Teatng NN yieth with 
an excess of Vle exe i. seled tube to 100" for 18 hours and was an cl. p. ~220"/01 sum 
C5 7 yt eye 732; H, 86%). In the latter preparation there was 
ie and forming plates (from methanol), m. p. 166—167°, 
ional Fou (Pound : C, geet H, &3. C,,H,N, requires C, 80-9 
a and de Ber , 1903, as. 
eepelature ( . Ber, * 
on ime after after 10 hours, the uct was a solid, 
consisting of NN*-di yl N-(2-hydroxypropyl) - 
iN roger C, 765; H, &2%). The picrate had 


was an oil (Found: C, 655; H, 73 


emery es had m. p. 
*% 7-00") (Found: C, 7, MH, ob. 





from : . 
soquinest 301; HOTS 1%). 
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NN’-De iNN‘-di-(4-chlorobutyl ethylenediamine formed plates, mp. 61°, from pentane (Found : 
C672; Het ¢ ch requires C. ‘67-2; HL 77 

NN’. Dt-(p-methow NN’ -d-(2 a, obtamed in 62%, yield from 
N-(2-hydroxyethy!)-p-anmidine (Ross, 1949, 153), crystallised from benzene-light petroleum (b. p 
60.80") in fine needles, m. p. 92-93" ( ‘ound: C, 66-2; H, #2. Semen e. 66-6; H, 7-8%) 

NN’-Dh- ip-muethonyphewyl) NN’-ds-(2-chlorcethy! ethylenediamine lustrous plates, m. p. 63-64" 
after crystallisation trom light petroleum (b. p. 60-80") (Found: C, 606; H, 64. C,H,,O,N,Ci, 
requires C, 65, H, oan: 

NN’ De 2 naphthyl -N -di-(2- hydrowyethy! ethylenediamune NN’ - Di-2-naphthylethylenedi 
Bischoff and Mausdorter, Ber., 1890, 83, 1985) (15 g.) was heated in a sealed tube with 5-5 cc. of ethylene 
oxide and 5 ¢.c. of benzene for 12 hours at 160°, residue — after evaporation of the solvent 
sulidified and i i from ner t < petroleum (b. Ste ee } . pearly plates, m. p. 96—97* 
80%) (Found 70; H, Colt requires C, 78-0; H, 7-1%) 

NN = - saphehy NN’ ~di- a chlor Kedbyttediamine crystallised from benzene- ~ petroleum 








(b. p. 40-60") in plates, m. p. 124-125" (Found : C, 71-5; H, 61. CoaHlagN sly requires C, 7 H, 6-0 ) 
NN Dil nop hihyt ody (bydrowyethyi\ethylenedsamene, obtained the same = ag 
— derivative, formed plates, m. p Mr 93°, trom flim = Hoon roleum (Found 61: 

ey sgh, requires C, gt H, 71% The dipicrate had m. p- 125° (Found C533: H, 3-9. 
ae 53-1; H, 40%). 
Sf naphthyl NN de- GahiereDioreth lenediamine crystallised from light petroleum (b. p 
“0. aes stout prisms, m. p. 111° (Found: C, 71-6; H, 62. "C,H, N,Cl, requires C, 71-5; H, 60%). 
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202. The Nitration of Polystyrene. 


By H. Zewrrman. 


Polystyrene has been nitrated with mixtures of nitric and sulphuric acids. By regulating 
the conditions of nitration, products with degrees of substitution between 14 and 2-0 (nitrogen 
comtent, 04—-14-4%) could be obtaimed, but attempts to obtain higher substitution were 
unsuccessful Creidative fission of nitropolystyrenes produced p-nitrobenzoic and 2 : 4-dinitro- 
benzoic acids. During nitration some degradation of the original polystyrene chain took place, 
but could be controlled under suitable conditions. The properties of various nitropolystyrenes 
have been determined 


Iw the first recorded nitration of polystyrene Blyth and Hofmann (Annalen, 1845, 53, 316) 
bailed a glassy polymer of styrene with fuming nitric acid and obtained a product of 106% 
nitrogen content which they called “ nitrometastyrol.” This product was soluble in nitric acid 
and sulphuric acid, but insoluble in most other solvents. Elementary analysis of this product 
led these authors to incorrect formulations for styrene and nitrostyrene. Bachman ¢f ai. (J. Org. 
Chem., 1947, 12, 108) nitrated polystyrene with fuming nitric acid in a similar way at 50° and 
150° and obtained products with 10°0 and 11-22% of nitrogen, respectively, They were unable 
to obtain dinitropolystyrene. Recent knowledge of high polymers suggested that a range of 
nitropolystyrenes differing in chain length and degree of nitration, and consequently in solubility 
and solution viscosity, should be accessible by suitable choice of starting material and nitration 
conditions 

Preliminary experiments showed that nitration of polystyrene in a non-solvent medium 
merely gave a negligible surface reaction. When the nitrating mediam caused swelling of the 
granules the nitration was more pronounced, but the product was not uniform and unchanged 
polymer still persisted. It was, therefore, essential to use a nitrating medium capable of 
completely dissolving the polystyrene. Mixtures of nitric and sulphuric acids were found to be 
the most suitable nitrating agents for this work. Investigation of the solubility of polystyrene 
after two hours at 20° in variants of the system nitric acid-sulphuric acid-water gave the results 
summarised in the triangular diagram 

Area 4 included al! nitrating media of practical importance, and the curved boundary of 
area © indicated the approximate minimum degree of dilution required to precipitate the 
product. Table I] summarises the effects of times from 1 to 24 hours and temperatures from 
10° to 50” on using various nitrating acids having compositions lying within area A 

It was found that polystyrene was nitrated by every nitric or nitric-sulphuric acid 
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composition capable of dissolving it. The lowest nitrogen content of nitropolystyrene obtained 
from clear solutions was approximately 9°4°%, corresponding to one nitro-group per styrene unit, 
whereas the highest nitrogen content obtained was 144%. corresponding to two nitro-groups 
per styrene unit. Any intermediate substitution could be obtained by controlling the 
composition of the nitrating acid, the temperature, and the time of nitration. The molecular 
weight of the initial polystyrene (as indicated by the viscosity data in Table IV) was found to 
have little influence on the nitrogen content of the final product. The introduction of the first 
nitro-group was rapid and appeared to accompany the dissolution of the polystyrene. The rate 
of mononitration could be regulated by modifying the rate of dissolution of polystyrene in the 
nitrating acid, ¢.g., by variation of the particle size. Introduction of the second group took place 
at a slower rate which was dependent on the dilution of the nitrating acid and the temperature 
of nitration. Addition of polystyrene to nitrating acid was always accompanied by evolution of 
heat, and efficient stirring and cooling were necessary to control the nitration. It was observed, 
however, during renitration of nitropolystyrene (98%, nitrogen content) to a higher nitrogen 
content (14°1%) that it dissolved in the nitric-sulphuric acid quickly but without significant 
evolution of heat. For each nitrating acid composition and temperature of nitration there was 
a limiting degree of substitution which, as a rule, was attained more rapidly the higher the 
temperature. Attempts were made to obtain nitropolystyrene of a higher degree of substitution 
than 2-0 by carrying out nitration in sealed tubes at high temperatures (120° and 150°), but these 
met with no success, The nitrogen contents of the products were determined by the Dumas 
method. Elementary analyses of a few samples of nitropolystyrene of various nitrogen contents 
were consistent with the expected empirical formula C,H, ,(NO,),, where # represents the degree 
of substitution calculated from the equation # = 104N/(1400 — 45N) (where N = % of 
nitrogen) 
€ Solwhiltty of polystyrene in mitric acid sulphuric actd—water mixtures. 





Area A. Solubility. 


The positions of the nitro-groups in the polymeric chain were determined by oxidative fission 
of nitropolystyrenes. Aromatic nitro-compounds with an aliphatic side chain are readily 
oxidised to the corresponding nitrobenzoic acids. Bigelow (J. Amer, Chem. Soc., 1919, 41, 1575) 
obtained good yields of mononitrobenzoic acids from mononitrotoluenes by using potassium 

te in alkaline solutions. For the same purpose Feldman ¢ al. (J. Gen. Chem. 
Russia, 1945, 15, 962) used manganese dioxide and concentrated sulphuric acid. Dinitro- 
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toluenes were oxidised to dinitrobenzoic acids by Sirks (Rec. Trav. chim., 1908, 27, 221), using 
nitric acid or potassium permanganate, and by Buehler and Calfee (Anal. Chem., 1934, 6, 351), 
using chromic acid. 

Onidation of nitropolystyrenes to nitrobenzoic acids was found to be difficult, and al] methods 
gave large amounts of unchanged nitropolystyrene. The best results were obtained by using 
manganese dioxide in concentrated sulphuric acid. Only p-nitrobenzoic and 2: 4-dinitro- 
benzoic acids could be isolated. Nitropolystyrene of a nitrogen content 94% (degree of 
substitution 10) gave on oxidation only p-nitrobenzoic acid, but nitropolystyrenes with a degree 
of substitution between 1 and 2 always gave both p-nitrobenzoic and 2 : 4-dinitrobenzoic acids. 
All attempts to isolate mononitrobenzoic acids from the oxidation of a nitropolystyrene of a 
degree of substitution approximately 2-0 were unsuccessful, and this suggested the absence of 
nitro-groups in the aliphatic chain. 

These results indicated that during nitration of polystyrene only nuclear substitution 
occurred, a maximem of two nitro-groups entering each benzene ring. The first group entered 
the p-position, the second being randomly distributed along the polymer chain entirely or 
predominantly in the o-position. It was not possible, however, to state definitely that 
substitution was entirely limited to the o- and the ~-positions on account of the low yields 
of nitrobenzoic acids calculated on unrecovered nitropolystyrene (usually less than 40%). 

Degradation of the chain length of the polystyrene during nitration was estimated approx- 
imately by measuring the viscosities of the nitrated products and the original polystyrene, 
Viscosities were measured in dilute cyclohexanone solutions at such concentration that 4,. had 
values between I'l and 1°2, and were applied to the following approximation of Staudinger’s 
expression: Degree of polymerisation «~ A(n,., —1)/C; & for nitropolystyrene was unknown, 
but may be taken as constant in the range of nitrogen contents under consideration 

It is, moreover, considered unlikely that 4 for polystyrene will be halved when the material 
is nitrated, so that the results in Table III indicate that under all conditions of nitration some 
degradation of the polymer chain occurred, However, by carrying out the nitration under strict 
conditions of temperature and time, it could to a large extent be controlled. Degradation was 
most rapid during the first stages of nitration and then continued more slowly. High nitration 
temperatures favoured degradation. Table IV also shows that the decrease in degree of 
polymerisation of polystyrene with higher initial molecular weight was relatively greater. 


Nitropolystyrenes of 94% to 144°, nitrogen content were amorphous, pale cream-coloured 
to light yellow solids which darkened on exposure to daylight. When heated to 300°, nitro- 
polystyrenes decomposed without melting, at a rate increasing with nitrogen content, and 
evolved greyish-yellow gases leaving a black residue. Nitropolystyrenes were soluble in a 
restricted range of solvents to form viscous solutions 

Solubility increased with nitrogen content (Table | In some solvents nitropolystyrene 
underwent limited swelling, forming gels. 


Tame I 
Solubility of netropolystyrenes of different nitrogen contents tm various solvents at 20°. 
Nitroges cot content it of nitropolystyrene, %. 


Solvent i 7 ~ 130 


ra 
J 


i 

Nitric acid, 90°, s 
Ethylene dinitrate S 
Nitroglycero! : ; Ss 
» 


4 


Furturaideh yde 

eyclo Pen tanone 

eyelo Hexanone < 
Dinitrotoluene (liquad mixture . 
Mononitrotoluene (mixture) G 
Nitrobensene s 
Nitromethane G 
Acetone I I sw sw 


ADAALLAGHRS 
AAANAUWRY 


AAAAGFDAS 
OGDUN4UNGEGND 


S ~ soluble at 20 S requires heating to facilitate dissolution, remains in solution when 
ooled to 20 G gelatinieed. G = gelatinwed when heated. SW — swelling observed. I = no 
visible reaction 


EXPERIMENTA! 
Nutration of Polystyrene —Nitration was carried out by adding granular polystyrene to a 10—20-fold 
weight of nitrating acid with vigorous stirring. The initial temperature of the acid was about —10°, and 


the whole of the polystyrene was added within 2-3 minutes. The temperature increased immediately 
after addition of polystyrene but effective cooling prevented it from exceeding 20 After approximately 





itropolystyrene 
uid in one or man streams into gen! i 
ig oe or many very thi sre became brittle 
which were sufhciently epee pen ee 
wore avoided the weighs of product as a percentage 
bead ym value of 100 + 100N/(31-11 wrk 4 Me . 
ical nitration was carried out as follows ; position : HNO, 73-2; 
‘3; HNO, @1; H,O, 04%) was cooled to — 10° in a wide-neched coma! flask. Polystyrene 
M, 210,06 _ particle size, 16-—30 B.S. gauge) was added during two minutes, the temperature 
P, with ice-salt and effective stirring during the first 30 were d to 
vent a further rise of temperature. After 30 minutes the temperature settied at 20°. After | hour 
_— the start the whole of polystyrene had dissolved. cae aliens eae enesianas Ot 0 Semees Fees 
at 20°, and the solution was then run from a dropping-funnel d 
(4—5 1). The thread-like 
filtered off, washed on the , one ees Ss le ee 
16 hours in a porcelain ball-mill with water (approx Bn meaptet pum Filtration, washing with water at 00-—05° 
until the w were neutral to meth to constant weight gave a uct (42 g.) 
containing N, 13-4% (by Dumas's ). The < <Teleaiction wes toaxt to be 1:75, and ultimate 
analysis gave C, 51-9; H, 31% (Cale. for C bbe 3 Ody: ©. 525: H, 34%) 





Taste Ii. 
Influence of conditions of mitration om nitrogen content of nitropolystyrene. 


Nitrogen 
Notrat id 7 % Time of content of Degree of 
timer renee anes emer d Temp. ot nitration nitropoly- substi- 
‘HNO, H,SO, HNO, H,0- nitration (hrs.). styrene (%). tution (ws). 
72-33 28-09 Om 106 10” 1-53 





66 40 20-30 0-10 13:20 


I 
3 
3 
5 
4 
i 
2 
3 
4 
5 
1 
3 
4 
6 
1 
2 
4 
i 
: 
a 
i 
3 
4 
5 
6 
i 
3 
4 
6 
2 
4 
6 


Seahiesassteseestaseees: 


Molecular weight of polystyrene used, 210,000 Ratio of acid to polystyrene, 20; | 


Onidehon of High-nutrogen Nutropolystyrenc unth Manganese Dioxide —-¥ inely ground ee yet 
(0 N, 142%) was suspended in 96% (w/w) sulphuric acid (250 ml.) and left overnight. The liquid 
was heated in an oil-bath to 135°, oak See erry Dae content, Soe) ces added doting 
16 hours in sma!! portions at intervals of 15-—20 minutes hot liquid was poured on crushed ice 
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(900 g.), and the product filtered, a solid residee (i) and a filtrate (ii). Resitoe (i) was washed 
with water (16° o.), the washings added to (ii), then suspended in water (200 mi.), made alkaline 
with trated sexi. carbonate heated to 45°, and filtered hot, giving a filtrate (iii) and a 

due (iv). Kesikdue (iv) was washed with hot water, ted by decantation from heavy particies of 
manganese dioxnte, sulphuric acid, . washed, and dried to constant t to 
yield unconverted yrene Piltrate (iii) was made acid (Congo-red paper) the 
Minsmum amount of su! tc acid (70%, w/w), cooled, and filtered from traces of precipitate, giving 
filtrate (v) 








Taare II. 
Influence of temperature and time of nitration on the viscosity of mitropolystyvene. 


Nitration conditions. 


oc 7 oe 





Temp. Time (brs.). content (%). 
2 ise 
is¢ 
13-6 
i131 
13-7 
let 
i133 
13-5 
“43 
in? 
42 
: lea 
The original polystyrene used in these nitrations had (mq— 1)/C — 1-87 (determined in cyclohexanone, 
« 0-060). Nitrating acid used: HNO, 72-7; H,SO, 281; HNO, 02; H,O, —10%. 


; 


wow 


(eee he oe SS 


- 
ee ee ee ee ee ee ee ee ee ee 


Taste IV 


Influence of viscosity of the polystyrene om the mutrogen content and the viscosity of mitropoly styrene 


Paty Poly Poly 
atyrene Nitropolystyrene styrene Nitropolystyrene styrene Nitropolystyrene 
N 


° 


lena 2)/C. MN, %. (gat) /C tra 1) /€ N, % re 1) foa—BjiC. N, %. tpea—j/Cc. 


ros «| {1388 0-54 1-87 13-48 0-76 4-80 oo 1-07 


{! 
13-52 : i941 i 
Composition of nitrating acid : HNO, 72:2; H,SO, 264; HNO,,02; H,O, 12 
20 time, 4 hours. 


% Temperature, 


Piltrate (v) gave a residue (vi; Il ¢ m extraction with ether (100 ml.) and evaporation of the 
extract. Residue (vi) was dissolved in the minimum amount of hot water, and decolorised with charcoal 
Successive crops of crystals had m. p.s between 178° and 182°, which were not depressed on admixture 
with 2: 4-dinitrobenzor ach! 

Piltrate (ii) was extracted with ether (150 ml), 300 ml. of (ii) being used at a time, and the ether 
extract re-used After evaporation, residue (vii) was obtained (7-7 g Residue (vii), crystallised from 
water (charcoal), gave crops of crystals with m. p.s between 177° and 181°, undepressed on admixture 
with 2° 4-dinitrohenrgoc acid 

Osidalion Low-mitrogen Nitropolystyrene atth Manganese Dioxide —-Nitropolystyrene (20 g.; N, 
123%) was suspended in 75% (w/w) sulphuric acid (300 ¢g), and manganese dioxide (95 g.; MnO, 
content, 80°, )was gradually added at 135° during 12 hours The liquid was poured into water (350 ml 
and filtered when cold, giving a resicive (i) and a filtrate (ii Residue (i) was washed with water (50 ml.), 
the washings being added to (ii), and the ressudue suspended in water (120 ml.), made alkaline, and filtered 
hot, giving a filtrate (iii) and resiiee (iv Residue (iv), washed with dilate sulphuric acid and water 
dried, and analysed for nitrogen, was shown to contain nitropolystyrene (11-5 g 

Ether-extraction of filtrate (i) yielded 2: 4-dinitrobenzoic acid (1-3 2 Filtrate (iii) was made acid 
jJeft overnight in a cool place, and filtered to give a residue (v) and filtrate (vi Residue (v) and the 
ethereal extract of filtrate (vi) gave crystals (total vield 1-5 ¢.) which on recrystallisation from water had 
m. p. 241° (undepressed by p-nitrobenzoic acid 


The author is indebted to Mr. KR. M. Thomson for determination of nitrogen values 


Iwpeetat ( wewicar Innusrams LisiTED 
Nopet Divisrow, Srevenstorw, Avrsmne Received, December Oth, 1949.) 
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203. The Electrical Conductivity of Iodine Monochloride and 
Iodine Trichloride, 
By N. N. Greenwoop and H. J. Ewertus, 
The electrical i of molten iodine monochloride passes through a maximam a 
40°. The conductivity of and liquid iodine trichloride has been measured in 
70— 160°. Saas i Se oie Senaaee © with increasing temperature. There was 
In the molten state there was a maxi 





ie CaS Se ee ee ee ee ae eee On prolonged 
electrolysis of molten iodine monochioride a small back e.m.{. was observed 


Boru iodine monochloride and iodine trichloride dissolve in a variety of solvents and in many 
cases such solutions are found to conduct electricity. For instance, iodine monochioride is a 
conductor when dissolved in acetic acid, nitrobenzene, arsenic trichloride, sulphur dioxide, 
sulphury! chloride, or water, and the trichloride conducts in al) of these solvents, as well as in 
dichloroacetic acid and liquid bromine. Solutions of iodine trichloride in carbon tetrachloride, 
silicon tetrachloride, and chloroform are, however, non-conducting (Plotnikov and Rokotyan, 
J. Russ. Phys. Chem. Soc., 1915, 47, 723). Evidence for the nature of the ions in the molten 
iodine chlorides cannot readily be obtained directly but in the above solutions fairly definite 
deductions may be made. In the case of solutions of iodine monochloride dissociation into I* 
and [ICl,)~ appears most likely. This explains why electrolysis results in the deposition of 
iodine at both the cathode and the anode since, at the latter, a disproportionation of ICI, into I 
and ICl, (or I and Cl) could occur. This also explains why the concentration of both halogens 
(either free or in combined form) increases at the anode although the ratio of iodine to chlorine 
decreases (Sandonnini and Borgello, Ati Accad. Lincei, 1937, 25, 46). 

The nature of the ions formed by iodine trichloride in solution is less clear. Bruns 
(Z. physihal. Chem., 1925, 118, 89) claimed that, when an acetic acid solution was electrolysed, 
the whole of the iodine trichloride migrated to the anode. To explain this and also certain 
dilution effects the equilibrium IC], wCH,-CO,H <= ICI,~~ + (CH,°CO,H),’* was postulated. 
Other equilbria which have been suggested are: IC], == I*** + 3Cl- and IC], == I* + Ci,~. 
Yet another possibility, which is supported by the existence of salts such as KICI, is: 
21Cl, == ICI," + ICl,~. It is not certain that the ions in the molten compound will be 
identical with those in solution, but for the purposes of calculations of ion concentrations made 
later, the existence of I* and ICI,~ in molten IC] has been assumed. The conductivity of 
molten iodine monochloride at 35° was measured by Cornog and Karges (/. Amer. Chem. Soc., 
1932, 54, 1882), who showed that after repeated crystallisation the specific conductivity at this 
temperature was 4°57-—4°59 x 10*ohm-'cm.-*. The compound was also shown to behave 
as an ionising solvent towards potassium chloride and ammonium chloride. Fialkov and 
Goldman (J. Gen. Chem. Russia, 1941, 11, 910) found a conductivity of 487— 
5°39 x 10*%ohm-'cm."' at 35° after purification by distillation at atmospheric pressure. During 
the course of the work described below, Fialkov and Shor (Zhur. Obsch., 1948, 18, 14) showed 
the existence of an extended maximum in the temperature-conductivity curve for molten iodine 
monochloride. The existence of this maximum was observed independently in the present 
work, though the absolute values of the conductivity of iodine monochloride were rather 
lower than those reported by Fialkov and Shor. No previous observations have been recorded 
on the conductivity of molten iodine trichloride, which also passes through a maximum. A 
discussion of these maxima and of the absence of a decomposition potential in cither of the 
iodine chlorides is given later. 

EXPERIMENTAL. 

lodine monochloride, prepared by Cornog and Karges's method (loc. oi), was ified by 
recrystallisation in a static vacuum in an apparatus, shown in Fig. |, in which a conductivity cell of the 
conventional type with sealed-in platinum electrodes was incorporated. About 100 g of the mono- 
chloride were melted in the right- bulb, about 80% of ag melt was allowed to crystallise, and the 
supernatant liquid was poured into the left-hand bulb. This process was repeated until the final batch 
of crystals showed the same m. p. on two successive operations. Usually four or five recrystallisations 
were found to give extremely pure iodine chloride having m. p. 27-20° as given by Cornog and Karges 
(loc. est.) These pure crystals were then melted and poured into the cell, which was sealed at 
the constriction. Conductivities were measured by using the amplified output of a 1000-cycle oscillator 
in a Wheatstone-t network, and the balance point was detected electronically with a cathode-ray 
oscilloscope. The t ostat was controlled to +0-05° by a contact thermometer in a large oil-bath. 
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162, 267). The santity # is defined to be one less than the number of ions formed by dissociation of 
one molecale, and has been taken as unity for iodine monochloride 
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Conductivity of molten iodine monochioride between 27° and 120° 
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* By interpolation from Hannay’s data (J., 1873, 98, 815). 


The current—v curves obtained in a series of direct-current measurements with iodihe mono- 
chioride are shown in Fig. 3. Two temperatures were chosen, one above and one below the temperature 
of maximum conductivity, and in net case was there any evidence of a decomposition potential. 
The measurements were extended down to tials of | mv. with the same result. In a 
parallel experiment, iodine monochloride was trolysed at 35° in a cell with separate anode and 
cathode compartments. After a given time the circuit was broken, and the back e.m.f. followed 
potentiometrically until a steady value had been attained This having been read, the electrolysis was 
continued for a further period and the same procedure repeated. Usually, the steady value was attained 
within 5 minutes of breaking the circuit and was about two thirds of the original value. This back 
emt. remained constant for one hour. The results are given in Table Ii. The A.C. resistance of the 
cell was 24300 ohms, the D.C. voltage 113 v., and the D.C. current 465 milliamp. The volume of each 
electrode compartment was approx. 5 ml. Not only was the back e.m.f. extremely small, but it was 
also dependent on the amount of electrolysis. An explanation of these effects is presented in the 


test oon 
Time of electrol (min.) ... 
Paradays pamed. > los aa 
Back e.m. ’ 
lodsme Trichioride.—Pure iodine trichloride was red by adding finely powdered resublimed 


iodine to an excess of liquid chlorine at —78°. The ine had been purified by distillation. The 
excess of chlorine was to evaporate through a silica drying tower. This material was filled 


Tascr Il. 








The data in Table III show the results of a 
the m. p. of the trichloride on material 


Current, in milllamps 














Discussion. 
The degree of ionisation required to account for the observed conductivity 
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solution (7-0 x 10* cm/sec. per nee Oy see S0 8 02S lied 8 
cm.Pvolt-‘esc.~*. ie bekig quem ts 8 font approximation that the mobilities of I* 
and ICI,~ are equal, the average ionic mobility (e) of iodine monochloride may be taken as 
2x *volt-‘sec.-!, a value which is likely to be correct to within a factor of 2. If = 
is the number of current carriers per c.c. and e is the electronic charge, then as the 
at 35° (o,, ~ mer) has a value of 46 x 10*obmr'tcm.-, a value for = of 1-4 x 10” carriers/c.c. 
is obtained. If the value of the density at 36° is taken as 3-166 g.cm.*, 1 c.c. of iodine mono- 
chloride contains 1°17 x 10° molecules, and the degree of ionisation is therefore 12 x 10°. 
Thus, from this approximate calculation, about cne in eighty molecules of iodine monochloride 
is dissociated into ions at 35°, a value which should be correct, at least as far as order of 
ages eer 

conductivity data for iodine monochloride show a maximum at 40°. This 
nities Gldha elie ee comes dean andl aan ce The maximum persists, 
however, when the quantity 4/s(~ Mo/dn) is plotted against temperature. This is shown by 
the data in the last column of Table I. The quantity u/s has been used by Biltz and Kiemm 
(lee. c+t.) to compare the conductivity of molten chlorides at their melting points. It effects a 
correction for the change in the number of conducting species per c.c. arising from the change 
of density with temperature, and the persistence of the maximum when this correction has 
been made shows that the maximum is not due to opposing viscosity and density effects. 
Increase in temperature lowers the viscosity, so that mobilities will tend to increase. This 
increase can only be counterbalanced by a decrease in ionisation as the temperature is raised. 

The appreciable conductivity of iodine trichloride in the solid state is of great interest. 
The conductivity is of the same order of magnitude as the ionic conductivity of alkali halide 
crystals near their melting points (Mott and Gurney, “ Electronic Processes in lonic Crystals,” 
p. 36). In these crystals, the conductivity is governed by the number and mobility of the 
lattice defects. Expressions derived for a conductivity arising from the migration of these 
defects show a linear dependence of log o on 1/T. Such a dependence was not found for iodine 
trichloride (Pig. 4). It should be emphasised, though, that the method used to measure the 
conductivity of the solid is not free from criticism. Accurate measurements on the solid would 
require @ more elaborate circuit; the present results are merely presented to show that iodine 
trichloride in the solid state has a considerable conductivity. At present, the possibility of 
semiconduction is not definitely ruled out, even though this also would lead to an exponential 
dependence of the conductivity on 1/T in a range where only one conduction process is occurring. 

experiments on solid iodine trichloride, or thermoelectric measurements, would 
distinguish between the two possible conduction mechanisms. 

An explanation of the extremely small back ¢.m.f. generated on electrolysing molten iodine 
monochloride may be based on the hypothesis that the electrode products are already present 
in the melt, in thermodynamic equilibrium with iodine monochloride. In this case electrolysis 
would merely alter the concentration of the products at each electrode and a concentration 
e.m.1. would be set up on electrolysis. The magnitude of this should depend on the amount of 
electrolysis, and this effect has been observed (Table IT). 

If one assumes the electrode products are iodine at the cathode, and iodine trichloride at the 
anode, then, using the published values of free energy for the reactions concerned, it is possible 
to show that such a hypothesis does, in fact, reproduce the essential features of the back e.m.f. 
measurements. In addition, the hypothesis would explain why no decomposition potential is 
observed when D.C. current-voltage measurements are made. As electrolysis merely alters 
locally the norma! equilibrium concentrations of iodine and iodine trichloride in the melt, and 
since the amount of electrolysis in the current-voltage measurements is considerably less than 
that used in the back ¢.m.f. measurements (see Table II), the back potentials developed would 
be so small as to be undetectable with the precision of measurement used. It is likely that a 
similar explanation would account for the absence of a decomposition potential in iodine 
trichloride and bromine trifluoride, though in these cases the nature of the electrode processes 
is less certain and the requisite thermodynamic data are not available. 


The authors are indebted to Professor R. E. Connick for his assistance in the interpretation of the 
Soe aa One of the authors (N. N. G.) wishes to thank the Commissioners of the 
Exhibition of 1851 for the award of an Overseas Studentship, during the tenure of which this work was 
done. 


University Cuemicat Lapoxarony, Campanas. (Received, December 14th, 1949.) 
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204. Syntheses in the Phenanthrene Series. Part X1.* 
1-Methyl-8-isopropyl phenanthrene. ant 
By W. F. Suoar and H,. Wana, 
1. hae bese syethenised from 1 


seanthvene. "it" séentical with the hydrocarbon obtained 


genation of totarane. 


In attempting the synthesis of 1-methyl-8-isopropylphenanthrene we first prepared 1-bromo-6-iso- 
by the action of acetone on bromide 

, 1937, 6®, 2564) but were unable to obtain an addition 

and maleic anhydride. We therefore condensed 
idehyde and hydrogen chloride (1.G. Farbenindustrie, B.P. 
-chloromethy!naphthalene into 5-msitro-l-hydrosy- 





of l-naphthoic acid (Kerkhof, Rec. Trav. chim., 1932, 61, 747), obtained in 87% yield by the 
oxidation of l-naphthy! methy! ketone. 


“oe ee 


(il. an) 
. prepared by dehydrating the product of the reaction 
iodide 











992 Short and Wang: Syntheses in the Phenanthrene Series. 


average yiekd being 54%. The 1G. Parbenindustrie (B.P. 473,522) records m. p. 96-—07" and states that 
the yi is 74% 

Netro-| Aydrorymethyinaphthalene —The chi hyl d was suspended in approximately 
2n-sedium carbonate (1-8 mols.) and, after being boaled unter reflux for 48 hours, the mixture was cooled, 
and the solid was washed with water and crystallised from oa giving 5-nsiro-1l-hydroxrymethy!- 
naphthalene, m. p. 128---120" (Poand: C, 652. H. 4-36 C,,H,O,N requires C, 656-0; H, 44%). The 
average yield was 65%. 5-Nitro-l-chloromethyinaphthalene (10 ‘ ), anhydrous sodium acetate (5 g 
1-3 mols}, and acetic anhydride (50 c.c., 11-5 mols.) were boiled for 3 hours and worked up. Crysta) 
— of the solid from ethanol wr 5-witro- l-acetonymethyinaphthaiene (67%). m. p * (Found 

O32, HL 47; N,@15,59 CHOWN requires C, 63:7; H, 45: N, 57%). 

5&- Nitro- | -maphihaldehyde and 5-Niiro-\-naphthotc Acid.—(a) A solution of chromic anbydride (2-5 g 
equiv. to 1-4 atoms of oxygen) in hot acetic acid (76 c.c.) was added during 1} hour to a stirred solution 
of the preceding alcohol (5 g.} in acetic acid (590 c.c.), the temperature being kept at 65-—70° during the 
addition and for an hour subsequently. The solution was concentrated to 15 c.c. below 80°, and the 
resxiae was washed with dilute hydrochloric acid and water. Extraction with dilate aqueous sodium 
carbonate removed 5-nitro-l-naphthoic acid (1:1 g., 21%), m. p. 235-237", and crystallmation of the 
rewidee from chloroform then gave 5-nitro-1- -naphthaldehyde at: > £-. yk, o). m. p. 134-136" The 
semicarbarone had m. p. 301—304° (decomp.) (Found: N, C,H,,O,N yequives N, 21-7 20! 
Ruggli and Burckhardt (Joc. cit.), who nitrated j-anbthaldshyde. record ihe Ast and 236—237° 
the m. p. of the nitro-aldehyde and the nitro-acid, tively, whilst Ekstrand (/. pr. Chem., 1888, 8 
241) states that the acid has m. p. 230". When the ohol (90 g.) was dissolved in acetic acid (900 cc.) 
and oxidised at 65—-70° with chromic _— (75 g.; equiv. to 2-5 atoms of oxygen) in acetic acid 
(2250 ¢.c.) no aldehyde was produced and the yield of nitro-acid, m. p. 237-239", was 51 g. (53%) 

(6) When a solution of potassiom permanganate (4-3 g.; equiv. to 2-05 atoms of oxygen) in water 
(100 ¢.c.) was gradually added to a boiling suspension of 5-nitro-|l-chloromethy!lnaphthalene (4-4 g.) in 
17% aqueous sodium hydroxide (100 ¢.c.; 26 mols.) the product consisted of 5-nitro-l-naphthoic acid 
(0-9 g , 21%) and 5-nitro-l-hydroxymethyinaphthalene (1-5 ¢. 44%) 

5-Amino-l-naphthore Acid.—The nitro-acid (7-4 g.) was reduced with a solution of ferrous sulphate 
heptahydrate (67-6 g., 7:1 mols.) in water (225 c.c.) in the presence of concentrated ammonia (150 c.c.), 
and the crude amino-acid (5 s . 82%) was egg on from ethanol giving 5-amimo-l-naphthose acid 
in orange needles, =? 201-- (Found: N, 7-1 H,O,N requires N, 7-4%). The Aydrochloride 
separated from alcohol in orange fon m. p. 278 oh (decomp.; rapid heating) (Found: N, 6-2 





C,,H,O,NCI uires N, 63%) 

1 Napathy! Methyl Ketone —The ketone was prepared by adding a solution of alurninium chloride 
and acety! chloride in ethylene chloride to a solution of naphthalene in ethylene chloride at 30-35" and 
stirring the solution at this temperature for 23 hours, according to Baddeley’s general directions 
(J., 1949, 5 09). Pure l-naphthy! methyl ketone has m. p. 10-5" (Lock, Monatsh., 1943, 74, 77), and no 
ketone melting below 0° was employed in the preparation of |-naphthoic acid A fraction of the ketone, 


b. p. 192--134°/2 mm, asually melted in the range 24°, whereas a higher fraction, b. p. 134—136° 2 
mm., melted in the range — 5° to 0° and contained some 2-naphthy! methy! ketone. 1f the higher-bouling 
fraction was not rejected some sodium 2-naphthoate separated during the preparation of l-naphthon 
acikd (below), When naphthalene, aluminium chloride, and acetyl chloride were employed in the 
molecular ratio | 2 2, 2600 ¢. of naphthalene afforded 2014 g. (58%) of ketone having m. p. >0°, and 
when the ratio was!) 1-1) 1-3, 76 g. of naphthalene gave 574 g. (64%) of ketone of this quality The 
yield of ketone, b. p. 14---136°/2 mm. was ca. 10%, 

\-Naphthore Acid.—I1 Naphthy! methyl ketome was oxklised with alkaline sodium hypochlorite 
essentially according to the method of Fieser, Newman, and Holmes Amer. Chem. Soc, 1936, 58. 
1055. Compare Newman and Holmes, Org. Synth., 1937, 17, 65; Coll. Vol. IT, 1943, 428) A solution 
16m. with respect to sodium hypochlorite and 0-54n. with respect to sodium hydroxide was prepared 
from technical sodium hypochlorite solution (2-6-—2-Sm.), sodium hydroxide and water, and 3125 c.c. of 
this solution (containing 45 mols. of sodiem hypochiorite and 1-7 mols. of sodium hydroxide) were used for 
the oxidation of 170 g of the ketone \ large flask is necessary since there is considerable frothing 
during the liberation of chloroform, and efficient stirring is essential. Metal stirrers should not be usex 
since they cause decomposition of the hypochlorite and promote the formation of chloronaphthoic acid 
An exothermic reaction occurred when the mixture was stirred vigorously at 55° and the temperature 
was maintained at 60..65° by occasionally cooling im ice-water during this phase (40 minutes The 
mixture was stirred at 60-65" for another 30 minutes and excess of hypochlorite was then destroyed by 
uiding aqueous sodiam hydrogen sulphite. (If the ketone was contaminated with the 2-isomer a little 
«xtiam 2-naphthoate separated on cooling the solution.) The solution was acidified with concentrated 
hydrochiors acid, and the solid was collected, washed with water, and crystallised once trom aqueous 
ethanol. The l-naphthoic acid had m. p. 149-152" and was sufficiently pure for use in subsequent 
yperations the pure ac id has m P fu ime G. of I naphthow acid were prepared in this way and 
the average yield was 87%, 

5-Bromo-\-napathots Acid — An unproved yield of this acid was obtained by modifying Kerkhof's 
method (loc. cit A solution of | eaphthot acid (200 ¢.)} in glacial acetic ace! (500 ¢.c.) was heated on 
the steam-bath and stirred during the addition of bromine (@) c c., 1-41 mols A yellow solid separated 
during the addition (1 hour), and, after being heated and stirred for another 14 hours and kept overmght 
at room temperature, the solid was crystallised from acetic acid (2000 cc) The average yield in the 
preparation of 020 g. of bromo-acid was 56%, and this product, which melted within the range 252—255", 
was used in subsequent experiments. Recrystallisation from acetic acid and methanol raised the m to 
256.2565": Kerkhof loc of |) records m. p. 261°, and Ruggli and Preuss (Hele. Chim. Acta, 1941, 94, 1 
m. p. 245-247 \ complex mixture of bromo-acais was precipitated when the filtrates were diluted with 
water 

Methyl 5-Hromo- 1-napathoate a) Methy! sulphate (240 ¢.c.. 4-2 mols.) was slowly added to a stirred 
lution of the bromo-ack! (180 ¢) and sodium hydroxsfe (30 ¢, 1:25 mols.) in water (600 cc.) and 
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mm. thoate (+8 g.) and methy! nF mara Hy Ce., 
1-6 mols.) were heated at 200-——210° for 1 hour the of ester was 3-3 g. (62.5%), but no acid was 
recovered 

1-Bromo-5-tsopropenyinaphihaiene —A solution of methyl 5-bromo-l-naphthoate (265 g) in ether 
(1200 cc.) was added 1} hours to an ice-cold solution of methylmagnesium iodide (2-4 mols), 
prepared from magnesium (57-5 g.), methyl iodide (148 c.c.), and ether (400 cc.) After being stirred 
overnight at room temperature and boiled for | hour, the complex was decomposed and the crude 
product was distilled me geecene potassium hydrogen sulphate (50 g.) giving the crede bromo- 
naphthalene, b. p. 140—150°/3-—4 mm. The average yield was 
fraction of higher b. p. which solidified on and consisted 
naphthoate (510%). A muddle fraction, b. p : 
naphthalene was analysed (Pound: C, 62-7; H, 45. C,,H,,Br requires C, 63-1; H, 46 
picrate separated from alcohol in yellow needles, m. p. 04-95" (Found; N, #0 C,H, Br.C HON, 
requires N, § 8%) 

2-5'-s0Propenyl-l'-naphthylethyi Aicohol.-1-Bromo-5-isopropenyinaphthalene reluctant to react 
with magnesium, and when methyl sodide or ethyl bromide was used as entrainer, subsequent reaction 
with ethylene oxide afforded very low yields of the desired alcohol, and hydrocarbons were juced in 
considerable quantity, analyses ry ey that bromine had been ly replaced by methyl and eth 
respectively. When Gilman and hirby’'s iodine-activated wthennend anny £w Trav. chim, 1035, 64. $77} 
was used, a 43%, yield of the alcohol was obtained but it was not possible to use a small amount of this 
activated um to promote reaction of the halide with ordinary magnestum. Much better results 
were by using preformed ethylmagnesium bromude as catalyst, the reaction being carried out 
in an atmosphere of dry nitrogen. 

A solution of 1-bromo-5-isopropenylnaphthalene (175 g.) in dry ether (700 c.c.) was added dur 
4 hours to an ice-cold, stirred suspension of magnesiuin in ethereal ethylmagnesium bromide 
from magnesium (36 g., 2-1 atoms), ethyl bromide (52-5c.c., | mal.), and et (440 c.c.). After the mixture 
had been stirred overnight and boiled under reflux for 1 hour, it was cooled to 0", and a 25%, (w/v) solution 
of ethylene oxide in dry benzene (520 c.c.. 42 mols.) was introduced during 3 hours. mixture was 
then boiled under reflux for an hour, the ether was removed by distillation, and the residue, still cont 
most of the benzene, was cooled and decomposed with ice-cold dilate hydrochloric acid. The alcohol 
was purified by distillation, the fraction, b. p. 152—-158°/1 mm., being collected (average yield, 74%) 
2-5'-180Propenyl-l'-maphthylethy! alcohol was a om, viscous liquid: a fraction, rex) is3--154°/1 
mom., was analysed (Found: C, 83-4, 83-6; H, 7-3, 7-4 H,,.O requires C, 84-9; H, 2-5 ise 
Propewyl-L -naphthylethyl Ee r-di phenyl vicarbamate cryennitiadl trom benzene light petroleum 10 colourless 
needles, m. p. 147—148" (Found : C, 82-3: H, 62; N, 3-5. wn phe mate 82-5, H, G15; N, 
34%). Some of the earlier preparations of the alcohol ‘afforded ‘a smail fraction b. p. 165-—220° /2 mm., 
which solidified and aftor —— m. p. 183-184", after crymallination from alcohol. probably of 
5: S’-ditsopropenyl-1 : 1'-dimaphthyl (Found: C, 92-7; H, 65. C,H, requires C, 92-0; H, , 

2-5'-iso Propyl-l'-naphthylethy! Alcohol.—The unsaturated sicdiiel (75 g.) was readily red when 
dissolved in methanol (750 c.c.) and shaken with palladium-strontiam carbonate (30 g.; 1-2%, Pd) in 
hydrogen at room temperature and atmospheric pressure. Absorption of hydrogen was com in 
5 hours and the average yield of alcohol, m. p. 60-62", b. p. 158-—164°/1-5 mm., was 74%. 2-5'-iso- 
Propyi-1 ~naphthylethyl alcohol coe from light petroleum (b. p. 40-60") in cubes, m p 63-6 
(Found: C, 83-7; H, #1 Ce? requires C, 841; H, #4%). 2-5’-iso?’ro Sat naphthylethy! 
p-diphenylylcarbamate had m. p. 161° (Found: C, 81-6; 81-8; H, 65,655; N,37. C,,H,.O,N requires 
C, 821: H, 66 x. 34% Me = z 5 Lic -waphthylethy! acetate had b. p. 164-166" 1 mm., m. p 
33 ~34 Found . 704; requires C, 797: H.7 “7. 

2-5'-isoPropyl \ cepbitelethgt Bromide Phosphorus tribromide (2 c., ©5 mol.) was added to a 
solution of the alcohol (10 g.) in carbon tetrachloride (10 ¢.c.) at 50°, and, after being kept at 50-—60* for 
} hour, the solution was poured into ice-water. The bromide had b. p. 131—-135°/0-2 mm., and se ted 
from Kent troleam (b. p. 40-—60" a) . lates, m 41—42° (Found: C, 66-9, 65-75, H, 63, ; Ie 
29-0 mm Br requires C, 65-0; Br, 26-0%). The average yield was 05% 

2-5’ OP soil caaphdhptethyhmalonte ‘Aad.—A solution of ethyl malonate (#1 g.. 2 mols.) in dry 
xylene (130 c.c.) was added to a sodium methoxide solution red from sodium (7 g., 1:2 atoms) and 
methanol (100 c.c.), and most of the solvents was removed by distillation under reduced pressure below 
80°. A solution of the preceding bromide (70 g.) in xylene (115 ¢.c.) was then added slowly with stirring, 
and the temperature was slowly raised to 140-—-150° (oil-bath). After 16 hours at this temperature the 
products were isolated, 45% of the ethyl malonate was recovered and the average yield of the substituted 
malonic ester, b. p. 190—195° 0-5 mm., was 50% A solution of the malonic ester (10 g.) in methanol 

10 cc.) was added to a solution of potassiam hydroxide (15g, 44 mols.) in water (10 c.c.), and, when 
the vigorous reaction had subsided, water (40 c.c.) was added, and the hydrolysis was completed by 
heating the solution on the steam-bath for 3 hours. The crude malonic acid, m. p. 149-151" (decom 
was isolated, the average yield being 86%. Recrystallisation of this from acetic acid or benzene afforded 
25 aeaprepye 1’-naphthylethylmalomsc acid in white plates, m. p. 151-152" (decomp.) (Found: C, 72-3 
H. 67 «H,,0, requires C, 720, H, 67%) 

y- Scoop. -naphthylbutyric Acid This ackd was obtained in 91%, yield when the malonic acid 
was heated at 155-—-165° for 2 hours and the resxiue was crystallised from hght petroleum (b. p. 60-80") 
The pure acid crystallised from light petroleum 3 plates or needles, m. p. 120-121" (Found = C, 78-7, 
790: H, 7-8, 7-89; M, by titration, 256, 255 »H,,O, requires C_ 70-7; H, 7-8%; M, 256) 
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ketone is produced in the ring closare Ont a trace ae was ines ack was (>) A mixture 
peda ag ten ny on bab gy ee yeep be (3-4 cc., ee for 14 hours 
with frequent shaking, cooled, with we-cold dilute bh acid. After removal 
of unchanged e- Ft Tra (15%), the ketone (60%) sol without distillation and was 
obtained mixed m. p. 86-87", after one from light m. 

1M ‘eopropyl- 4-dthydrophenanthrenc A solution of the cyclic ketone (5 g.) in ether (70 c.c.) 
was added at room temperature to a solution of meth mesium iodide (3 mols.), prepared from 
aroun oe . methyl iodide (4-3 ¢.c.), and ether (50 c.c.), and, after being under reflux for 
3 hours, the pr uct was isolated. The dehydration ot the crude carbunol was com by it 
for 4 hour with 100% formic acid (10 ¢.c.) and the crude hydrocarbon, b. p. 165-—170°/1 mm., was pu 
by crystallisation from methanol, gr white plates of | -methyl-S-wopropyl-3 : 4-dihydrophenanthrenc 
(33g, 67%). m. p. 72-—73° (Found , 01-5; H, --% C a requires C, 01-5; H, & 6%). 

i- Methyl- S- mopropylphenanthrene.--A solutwn of the dinya threne (1:5 g.) and chiorani! 
(1-57 g., 1 mol) in sulphur-free xylene (7 c.c.) was boiled under reflux until no colour reaction for chioranil 
was obtained (20 hours). The solution was cooled to 0° and filtered from tetrachloroquinol, and the 
filtrate was dilated with ether, washed with mont aqueous potassiam hydroxide, dried (MgSO,), 
evaporated The residue was crystallised several times from methanol (charcoal) giving |-methyl-8-150- 
propylphenanthrene (0-4 g.) in white plates, m. p. 100-56—101° (Found : C, ; H, 7-8. C,,H,, requires 
Cc, #2 H, 77%). The materia! recovered ~ the mother liquors was distilled trom sodium under 
reduced pressure, and the fraction, b. p. 180—-185°/2 mm., which solidified on cooling, was crystallised from 
ethanol giving 0-51 g. of hydrocarbon, m. p. 09-100" (total yield, 619%). The prcrate crystallised from 
alcohol in orange vellow needles, m. p. 142-1425" (Pound: C, 62-0; H, 44: N, 025. C,,HyC.H,O,N, 
requires C, 62-3; H, 46; N, ®1%,), and the styphnate in yellow needies, m. p. 1525-153" (Found: ( 
61-2, 611, HL 46, 44, N90. Cy, CHOWN, requires C, 60-2; H, 44; N, 88%). Oxidation of 
the hydrocarbon (0-2 g.) in acetic ackd (3 cc.) with chromic anhydride (0-26 g. in 0-6 c.c. of water and 
1-5 «.c. of acetic acid), the mixture being heated finally on the steam-bath for 10 minutes, afforded 
Rete Ns pee aged 9: fy ye which separated from acetic acid im orange rods, m. p 
163 5-164" (Fou Cc, Sl: yell, ,O, requires C, 81-8; H, 61%). A specimen of the 
quinone was converted into |'-methyl-4"-isopropyl-1 2:3 4-didensphenazine, which crystallised from 
ethanol-chioroform in pale yellow rods, m. p. 153-5154" (Pound - N, 8-05. C,,H,,N, requires N, 83%) 


The authors are indebted to Messrs. J. K. Davison, R. Staniforth, and L. A. Watson for experimental 
assistance and to Miss C. Coleman and Miss F. Skidmore for the sem}-microanalyses 


Reesaecn Lasoraroaias, Mesaes. Boors Purr Deva Co. Lrp., 
NoTrTinGcuam. Recewed, December 28th, 1949. 


205. Hydrogen Chloride-Aluminium Chloride as an Agent of 


lsomerisation. 


By G. Bappeey. 


Hydrogen chloride catalyses the Scholl reaction and the intramolecular migration of alky! 
groups in phenol homologues, aromatic ketones, and aromatic hydroxy-ketones, in the presence 
of aluminium chloride. These reactions do not occur, or occur at greatly reduced rates, when 
a stream of dry oxygen or nitrogen is passed through the reaction mixtures. The significance 
of these results is discussed, 


MANY reactions effected by aluminium chloride and other Friedel-Crafts reagents do not occur 
in the absence of hydrogen chloride or traces of water—-for instance, the polymerisation of 
olefins in the presence of aluminium chloride (Thomas and Carmody, /. Amer. Chem. Soc., 
1933, 65, 3854. I[patieff and Grosse, ibid., 1936, 58, 915; Waterman and Leendertse, J. / mst. 
Petr. Tech, 1938, 24, 16). Polymerisation of tsobutene by boron fluoride requires the presence 
of moisture or, in general, a substance YH capable of forming a strong acid BF,, YH (A. G. Evans 
and Polanyi, /.. 1947, 252). Other Friedel-Crafts catalysts are subject to the same limitation 
(Plesch, Polanyi, and Skinner, J.. 1947, 257). Reactions of olefins with isoparaffins and aromatic 
hydrocarbons (Ipatieft and Grosse, J. Amer. Chem. Soc., 1935, 57, 1616: /. Org. Chem., 1937, 1, 
559). isomerisation of paraffins and cycloparaffins (Thomas, Anhydrous Aluminium Chloride 
in Organic Chemistry,” Reinhold, 1941; Leighton and Heldman, J]. Amer. Chem. Soc., 1943, 
65, 2276, Heldman, tbid., 1944, 66, 1786), and decomposition of paraffins into higher- and 





11950) an Agent of Isomerisation. 


lower-boiling hydrocarbons (Ipatieff and Grosse, Ind. Eng. Chem., 1934, 26, 461) are other 
reactions effected by aluminum chlonde in the presence of hydrogen chloride. 

Reversible intramolecular migration of methy! groups in phenol homologues (/., 1943, 527), 
and irreversible intramolecular migration of methy! and ethy! groups in aromatic ketones 
U., 1944, 232) and in aromatic hydroxy-ketones (/., 1943, 273), were caused by aluminium 
chloride in the presence of hydrogen chloride normally generated when the reactants were 
brought together in such a manner as to provide homogeneous reaction mixtures. To show 
whether hydrogen chloride promotes these reactions it is necessary to displace it from the 
reaction mixtures and to observe whether the rates of isomerisation are adversely affected. 

4-Methy!-1 : 2’-dinaphthy! ketone (1), in solution in chlorobenzene, is readily converted 
(70%, yield) at room temperature into 4-methyl-9 ; 10’-benzmescbenzanthrone (I1) by the 


i 


i S 


I A. _) + Reduction products 
A 


} } 
y (ih) 


addition of more than a molecular proportion of aluminium chloride (cf. Buckley, ]., 1945, 561, 
564). This can be considered as a disproportionation; when dry oxygen was passed through 
the reaction mixture in an attempt to improve the yield of (II), hydrogen chloride was swept 
from the mixture, and reaction did not occur; a stream of dry nitrogen had the same effect and 
in each case the reaction commenced when hydrogen chloride was introduced. The more 
conventional! Scholl reaction, in which, for example, 1-benzoylnaphthalene is converted in 70% 
yield into benzanthrone by fusion with more than two molecular proportions of aluminium 
chloride at ca. 125°, also requires the presence of hydrogen chloride and did not occur when dry 
oxygen or nitrogen was passed through the molten mixture; addition of sodium chloride and 
consequent formation of NaAICl, did not promote the reaction. These observations, a full 
account of which will be submitted in a later paper, indicated not only that the presence of 
hydrogen chloride is essential for the occurrence of the Scholl reaction, but also that a stream 
of dry nitrogen or oxygen can effectively remove hydrogen chloride from liquid mixtures 
containing aluminium chloride. 

An expeditious and decisive method was now available for demonstrating whether the 
presence of hydrogen chloride is also necessary in the intramolecular migration of alky! groups 
in the benzene derivatives indicated above. As a result of the earlier work on the kinetics of 
these reactions, homogeneous reaction mixtures of low viscosity were obtained at temperatures 
well below those required for isomerisation ; almost all the hydrogen chloride was swept out with 
dry nitrogen, and the reaction mixtures were then kept at temperatures adequate for 
isomerisation. For example, after hydrogen chloride had been removed from a mixture of 
p-cresol and aluminium chloride at 85°, isomerisation did not occur at 135°. Under comparable 
conditions, but in the presence of hydrogen chloride, the 2: 3 equilibrium mixture of p- and 
m-cresol was obtained. The isomerisation of acetophenone homologues is accompanied by 
some decomposition and consequent evolution of hydrogen chloride: a stream of dry nitrogen 
markedly increased the rate of decomposition of 2: 4-dimethylacetophenone, and hydrogen 
chloride could not be rigorously excluded at 135°, the temperature of isomerisation. The 
continuous removal of hydrogen chloride had, however, an adverse effect on the rate of 
isomerisation. Aromatic o-hydroxy-ketones are more resistant to decomposition and 
6-hydroxy-2 : 4-dimethylpropiophenone, which can be quantitatively converted into 6-hydroxy- 
3: 4-dimethyipropiophenone, did not isomerise after hydrogen chloride had been removed. 
As all these isomerisations require the presence of hydrogen chloride, it is necessary to state 
that the reaction mixtures employed in the earlier kinetic studies were in an atmosphere of 
hydrogen chloride at atmospheric pressure. 

So far it has not boon pesntide to domnecistente hike Sitindes halite guetheben thatheumets. 
ation of p-xylene in the presence of aluminium halide, as aluminium halide does not combine with 
the hydrocarbon in the absence of a third component such as hydrogen halide. Norris ¢f al. 
(J. Amer. Chem. Soc., 1939, 61, 1163, 2131; 1940, 68, 1298, 1428) have prepared ternary 
complexes by passing hydrogen halide into a mixture of aromatic hydrocarbon and aluminium 
halide and, although they appear to have converted these into binary complexes by elimination 
of hydrogen halide under reduced pressures, Mr. Voss has found in this laboratory that a stream 
of dry nitrogen does not wholly remove the hydrogen bromide from its ternary complexes with 
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aluminium bromide and m- or p-xylene. Aluminium and hydrogen halides do not interact and 
their combined action on aromatic hydrocarbons, which at low temperatures exhibit weak 
basic properties towards hydrogen chloride (Brown and Brady, ibid., 1949, 71, 3573), can be 
represented by: ArH + HX + Al,X,—— > ArH,* + Al,X,~. This is in accord with the 
hydrogen exchange observed when deuterium chloride is passed into a mixture of benzene and 
aluminium chloride (Kenner, Polanyi, and Szego, Nature, 1935, 185, 267), and when applied 
to the migration of alky! groups in benzene derivatives leads to mechanism (ii) or (iii) instead 
of (i) which was previously proposed. 


AC, : 
Y 
Alk 7 lathe + AIC, 


A i H A 
‘ \AIk ALC\, 5 . “2 
Gs wat Nae ANCH™ —> J an + ANCL + HED 


! 


“7+ 


saad ¢ ° rf 
*, iL = a Al,Cl,~ —_— | +Alk § AlCl,~ =e (iti) 


As previously emphasised (Baddeley, loc. os/.), the essential feature of all these isomerisations 
is the formation of a carbonium ion, followed by a rearrangement of the Wagner and Meerwein 


type 


+ : , ei Pt. yl 


and subsequently the isomerisation of paraffins and cycloparaffins has been shown to involve 
intramolecular rearrangement of carbonium ions. Traces of alkyl or cycloalkyl! halide in the 
presence of aluminium halide or of olefin in the presence of both aluminium and hydrogen 
halides (Pines «f a/., J], Amer. Chem. Soc., 1946, 68, 153; 1948, 70, 1742) or of sulphuric acid 
(Burwell and Gordon, thid., 1948, 70, 3128) provide carbonium ions (R*) which initiate chain 
reactions resulting in isomerisation 


R* + AlkH -——» RH 4 Alk 
Alk* <= Alky* 
Alky* + AlkH == AlkjH + Alk* 


This mechanism is in accord with the rapid conversion of fert.-butyl bromide and isopentane 
into ssebutane and fert.-amyl bromide in the presence of aluminium bromide (Bartlett, Condon, 
and Schneider, iid., 1944, 66, 1531), and with the observation (Ipatieff, idid., 1949, 71, 749) 
that benzene, by combining with alkyl cations, inhibits the isomerisation of methyleyclo- 
pentane by the combined action of sec.-buty! bromide and aluminium bromide. Aluminium 
and hydrogen bromides do not combine in a-butane or n-hexane (Fontana and Herold, sbid., 
1948, 70, 2281) and it is not surprising therefore that hydrogen halide does not promote the 
interconversion of cyclohexane and methyleyclopentane in the presence of aluminium halide 
(Stevenson and Beeck, :bid., 1948, 70, 2890) 


EXPERIMENTAL 


A mixture of p-cresol (64 g.) and freshly sublimed aluminium chloride (180 g.) was kept at 120-—125° 
(oil-bath) for 15 minutes and subsequently at 9° for 30 minutes. The clear pale brown liquid was 
decanted from undissolved chloride into two vessels which were placed in a thermostat at 90°. One was 
Gtted with a drying (CaCl,) tube and the other (4) with a sintered-glass gas distributor through which 
dry (P,O,) nitrogen at the temperature of the thermostat was passed at a rate of 30 c.c. per minute 
The escaping gaves were panel Gaeugh a large plug of glass wool to remove aluminium chloride, a 
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water. ee - 
a 


were decomposed from 
ee ee eee, : mixed m eth ue other did act calatiy ae 
and contained m- (60%) 


eut.). 
A of 2: 4d yiacetoph SO ¢. chioride (100 g.) was heated at 
100° tor 15 minutes and the homogeneous solution i . Subsequent procedure 








semicarbazone in chanel 
steam-volatile material was a mixture of 
— 
procedure with 6-hydroxy-2  4-dimethy! lar. The reaction mixture 
was obtained from m-5-xyleny! propionate (55 ealuminium chloride (126 g.), and sodium chioride 
(12 g.). Samples which were removed after 5 hours at 85° gave pure 6-hydroxy-2 : 4-dimethyl- 
The nitrogen emitted in an hour bow contained an amount of hydrogen chionde which 
neutralised 6-5 c.c. of x/10-s0d which was increased to 15 ¢.c. when the temperature was 
raised to 140° the reaction mixture becoming much darker than when hydrogen chloride was not removed 
These mixtures provided 6-hydroxy-2 : 4- (m. p. and mixed m. p. 75°) and 6-bydroxy-3 ae arte 


propiophenone (m. pak > p- 60°) respectively. The former was separated from tar 
distallation with steam 











The author is indebted to Professor J. Kenner, F.R.S., for many helpful discussions. 
Tux Cottece or TecuNotocy, Mancuester, | (Received, January Sth, 1950.) 





206. Aromatic Sulphonation. Part I. The Ionisation Constants of 
p-Nitrotoluene, Nitrobenzene, and p-Chloronitrobenzene, and the 
Acidity Function of Oleum. 


By J. C. D. Brann. 


The ionisation constants (pX,) of p-nitrotoluene (—10-28), nitrobenzene (-— 11-26), 
p-chloronitrobenzene (—11-49) have been determined spectrometrically, and the water 
function scale of sulphuric acid has been extended into oleum containing up to 14% of salphur 
trioxide 


AROMATIC mononitro-compounds are weak, although not unobservably weak, bases and their 
ionisation can be measured in a strongly acidic medium. This basic property was first noticed 
by Hantzsch (Z. physihal. Chem., 1908, 65, 41) who found that p-nitrotoluene lowered the 
freezing point of sulphuric acid more than did a non-electrolyte and concluded that the p-nitro- 
toluene was partly converted into an oxonium salt. Cherbuliez (Helv. Chim. Acta, 1923, 6, 
281) and Masson (J., 1931, 3200) showed independently that the conductivity of anhydrous 
sulphuric acid was enhanced by dissolved nitrobenzene and successfully prepared a crystalline 
addition product, regarded as the hydrogen sulphate, (C,H,*NO,H)"SO,H™~. The ionisation 
of nitrobenzene in sulphuric acid was confirmed cryoscopically by Treffers and Hammett (J. Amer. 
Chem. Soc., 1937, 59, 1708), and Gordy and Stanford (J. Chem. Physics, 1940, 8, 170) estimated 
the order of magnitude of the ionisation constant from a comparison of the frequency of the 
O-D stretching vibration of methy! deuteroalcohol in benzene and nitrobenzene solution. 

In the present series of measurements, the degree of ionisation of p-nitrotoluene, nitro- 
benzene, and p-chloronitrobenzene was determined spectrometrically in media of successively 
increasing sulphuric acid concentration. If the ion and free base are assumed to absorb 
independently, the extinction coefficient (c) of a solution containing both forms is 
¢ = tgy+(BH*) + «,[B), where egg+ and c,, (BH") and [B), are respectively the extinction 
coefficients (at a particular wave-length) and the relative concentrations of the ion 
and free base. Because (BH*) + (B) — 1 this equation can be written as [B)/(BH*) « 
(tgq* — €)/(¢ — ey), which enables the indicator-ionisation ratio to be evaluated directly from 
the absorption measurements. The ionisation ratio is related to the ionisation constant of the 
base and the acidity function of the medium by the equation (Hammett, Chem. Reviews, 1935, 


16, 67): 
= pK, + log [B)/(BH*) . . ~ «+ «+ @® 
dims Mt ths tabs lidiuinil csakaian thie te Ua ella. 
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medium with respect to an uncharged base. The acidity function of sulphuric acid up to 100% 
has been determined (Hammett and Deyrup, J. Amer. Chem. Soc., 1932, 54, 2721; Hammett 
and Paul, ibid., 1934, 56, 827), and by combining these results with a cryoscopic measurement 
of the degree of ionisation Hammett (J. Chem. Physics, 1940, 8, 644) found pX, —11 for 
nitrobenzene. An improved determination by the same method (Gillespie and Millen, Quart. 
Reviews, 1948, 202) * gave pK, —110. The measurements now reported yield the following 
values for pX, : 


-Nitrotoluene ; cevacecee —~ 30-38 
~11-26 


fP-Chicronitrobenzene .... pened 1149 
Nitrobenzene 


Although the ionisation constants are in the expected order, the large effect of the p-methy! 
compared with that of the p-chloro-substituent is unusual. The result suggests that the transfer 


Absorption spectra of p-mitrotoluene, ustrobensene and p-chloromutrobenzene im sulphuric acid. 
p- Nutrotoiuene. Nitrobensenc. 
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AA. HzS0,4,4. 
pC Aloromutrobenzene Variation of « with acid composition, 
~ A 
Fie. 2 Fic. 3 
Acid, %, seid, % 
103-2 103 54 
100-8 
loo2e 
100-02 
. 0 
95-2 


t the original acidity-function scale, which -29 unit higher 
negative) than the adopted in this paper (Hamenctt and Peak ie. cit). ee 
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Taste I. 


Evaluation of tenteation constents onl exidity function (temp. ws 3”). 
coefhicient. ~ ea function,® constant, 
«. % per min. log (B)/(BH*). a, px, 
A. Nitrobensens, tq = 9000, o. = 300 at A 3650 a. 
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101L00o 
101-91 
101-97 
103-5 
104-6 
106-2 
oso 


FOF 


SSeS eeeun 
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Sef 


10,570 
11,200 


B. p-Chioronttrobencent, Cun 15,900, oe. 810 af A360 a 


wrt 


====Z=== 
Sesseess5 


11-49 4 0-03 





18,000, ton ~ 1800 af A 3650 a. 


* Values of acidity function of media for which % H,SO, <100-0 are taken from the Tables 
of Hammett and others (/oc. cit). % < 
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of charge by conjugation or hyperconjugation between the p-chioro- or p-methyl substituent and 
the point of attachment of the proton is comparatively great, certainly greater than in the 
corresponding isoelectronic p-substituted benzoate ions (which, however, are anion bases). 
Additional evidence on this point will be considered in the following paper. Similar effects are 
observed in the series of p-substituted acetophenones (Flexser and Hammett, J. Amer. Chem 

Soc., 1938, 60, 885 


EXPERIMENTAL 


Materials —p-Nitrotoluene, {. p. 515°, was purified by several recrystallisations irom alcohol 
and from light petroleum. p-< nioseattechbenssns, m. p. 83°, was obtained in white crystals by 
recrystallisation from light petroleum and then su: samstedhy from 50% nitric acid and aqueous alcohol 
Nitrobenzene, |. p 6-72", was prepared from purified benzene, {. p. 5-6", according to the directions of 

fasson (Nature, 1931, 188. 33) 

Fuming sulphuric acid was prepared by distillation of sulphur trioxide from commercial oleum 
ontaining potassium persalphate into concentrated sulphuric acid in an all-glass apparatus. Sulphur 
lioxide was oxndised by the persulphate if the strength of the oleum did not exceed about #/% of SO,. 
Che storage and analysisol the acids have been described previously (Brand, /..1946,585). At wave-lengths 
exceeding about 2500 4. the media were sufficiently transparent to be used in thicknesses up to 10 cm 

Measurement of Latenction Coefficients The extinction coefficients were determined qualitatively 
throughout the near ultra-violet region by use of a Hilger Spekker photometer and a medium quartz 
spectrograph, and were evaluated by the usual equation, log J, / 2.4, where ¢ is the concentration of 
solute im moles per litre and d is the thickness, in om., of the absorbing layer. The changes in the 
pectrum which accompany ionisation are shown in Figs. 1-3. More accurate values of ¢ ( )- 1%) were 
measured at A 3650-3663 , with a photoelectric apparatus, and the results are collected in Tables | 


and Il. and Pig 4 
Fasie Il 
Influence of hydrogen sulphates on the acidity function of olewm 
Medium Added salt 
Sen NY CE Extinction \culity 


SO.) ex a . coefhcient, 
% H,S5O, mo ke c log (B) BH 


ensenée indicator AY Cees B00 af A 3650 A 


ow 
Ha (St Me : oOoRso O08 
Kyo » 00077 Os 
K,50, 146 3! 0-23 
Ba(SO Me), 0-183 3 a 
KO, 198 : ol 
K,SO, 0-253 0-62 


om 
Ha(SO Me), 32 
K,SO, i f 0-13 
Ha(SO Me 0-03 
oo 
Sea 
ay 
0-87 


R10 at A 3650 


102 
oz 
102 3 
102 55 
12 5 
102 


103 4 
103.5 
103 
103 
103 3 


los 

Oa 

104.35 

loa 241 11.440 


Table I, average. 
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The calibration of the a tus was checked by using an alkaline solution of potassium chromate 
(von Halban, Z. paysital. C , 1922, 100, 221). 

Calculation of lowisation Constonts and Acidity Function.__The ionisation ratio of cach base in a 
particular medium was calculated from the photoelectric results. Independently of the changes due 
to ionisation, the spectra moved gradually towards longer wave-lengths as the strength of the —— 
acid medium was increased, and in order that this effect should not unduly affect the evaluation of the 
ronisation ratio, values of tq and ty, were chosen as close as possible to the steep portions of the curves 
in Fig. 4. To assist in this, the complete spectra were used to determine the Some of composition of the 
medium within which ionisation took place. The ionisation constant d from the values 
of the ionisation ratio of the indicators in concentrated sulphuric acid, by y use of the established acidity 
scale, and the acidity function hence extended into fuming sulphuric acid containing up to 14% of free 
sulphur trioxide (Tables I and V). Table II contains measurements of the acidity function of fuming 
sulphuric acid in the presence of potassum sulphate, barium 7 and barium di(methy! sulphate) 

The iontsation constant of p-nitrotoluene was also calculat ular intervals of frequency from 
the extinction coefficients obtained from the spectra in Fig. 1 (Table Il). The method of calculation 
is described by Plexser, Hammett, and Dingwall (/. Amer. Chem. Soc., 1935, 67, 2103). The spectrum 
of the ion of p-nitrotoluene, which was not measured because of sulphonation, has been calculated from 
the other curves 

p-Nitrotoluene and nitrobenzene reacted with fuming sulphuric acid and the transmission was 
extrapolated back to zero time. The rate of diminution of the intensity of absorption is recorded in 
Table 1. -Chloronitrobenzene was not attacked 








Tasie Ill. 


Calculation of the ionisation constant of p-nitrotoluene from the absorption spectrum, 
A 2500-4500 a. 


Extinction coefficients 
Fre- 
quency, "4 H,SO, ‘ 90K WIS 99-36 7 100-00 
em. iu, ‘ w 64 9-67 9-80 wn | —pk, 
22,000 én 7 10-16 
23,000 296 2 2 J 10-28 
24,000 2 oo ’ v 10-22 
25,000 7 2250 2 i . 10-22 
26,000 4ize 3 § é ; 10-17 
27,000 f : 4950 7 ‘ ; 10-13 
28 000 $3 5510 5 7 f 10-14 
29 000 5 430 f t wl 
30,000 7M F. ° . 10-10 
31,000 2 aSlo ’ ¢ 10-23 
32,000 ‘ 5 s810 , 10-34 
33,000 w2 . S130 . 10-25 
34,000 ; 7 6700 : 10-34 
356,000 55 5 4080 0-87 
36,000 3300 10-45 
37,000 : 2190 : ’ 10-20 
38,000 1380 ooo 
39,000 1050 1010 i 073 


Average pK, — 10:19 4. 0-1 
Discussion. 


The acidity function of anhydrous sulphuric acid was found by Hammett and Deyrup 
(loc. est.) to be ~- 10°60 units, According to the results of a revised determination of the 
strengths of some of the more basic indicators by Hammett and Paul (loc. cit.) and by Braude 
(J., 1948, 1976) the original scale should be corrected by subtracting 029 unit or 0°45 unit 
respectively. The method of Hammett and his co-workers was modified and improved by 
Brande, but in this paper the value adopted provisionally is — 10°89, being obtained from 
measurements of the same type throughout. 

The acidity function of 87-~-100% sulphuric acid may be calculated from the molecular 
composition, apart from a constant term. The ionisation ratio of an uncharged basic indicator 
is governed by the equilibrium 


x 
B+ HS0, == BH’ +SO0,K-.. : , (2) 
and, therefore, (B)/(BH*) « (SO,H~)/K(H,SO,), where parentheses refer to activities. This 
equation may be combined with equation (1) to give equation (3) : 
H, ~ pK, + pk + log (SO,H™ [H,SO,) + logttams . feog-/fe fuged - . - (3) 
To quite a good approximation, water and molecular sulphuric acid react quantitatively to give 
oxonium and bisulphate ions. In mixtures in which sulphuric acid is present in molecular 
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excess over water, the molar ratio SO,H~/H,SO, can, therefore, be calculated directly from 
the composition of the medium, and in Table IV oa acidity function is evaluated in this way 
from the semi-theoretical equation (4) : 


H, ~ —835 + log 'SO,H~) /(H,SO,) " 


the constant term being obtained empirically. The agreement is poor at the top of Table IV 
owing to self-ionisation of the sulphuric acid, and the calculation cannot be extended to more 
aqueous acid because it is then certainly incorrect to assume that water is converted 
quantitatively into oxoniam ions. The results for media between 87% and 99°8% sulphuric 
acid are satisfactory, however, in spite of the fact that the activity coeficients do not enter 
symmetrically into the final term in equation (3) which was disregarded in writing equation (4). 
The constancy of this term would imply that the ion-activity coefficients are practically constant 
throughout the range of medium composition under discussion, and this conclusion is difficult 
to justify, although the deviations would be on a reduced scale in a solvent of high dielectric 
constant. It is possible that the effect of neglecting the activity-coefficient term is fortuitously 
compensated by a small reversibility of the reaction between water and molecular sulphuric 
acid (cf, Ingold and others, Nature, 1946, 158, 480), because the assumption that these 
components of the system react together quantitatively exaggerates the acidity of sulphuric 
acid and should, of itself, yield results more negative than those observed experimentally. 
Since the jowic activity coefficients would (initially) decrease from unity, the logarithm of 
their product would be negative and the approximation involved in writing equations (3) and (4) 
partly cancel one another. Nevertheless, the diminishing concentration of bisulphate ions in 
acids containing a smal! proportion of water (0°5—00% of H,O) obviously accounts for the 
sharp rise of the acidity function in this region (cf. Lewis and Bigeleisen, ]. Amer. Chem. Soc., 
1043, 65, L144) 


Taste IV. 
Comparison of calculated and observed values of the acidity function (87°5—100°, H,SO,). 


Medium Acidity function 
ee en, Molar rat wo, ~ 


c a 
% H,O $0,H~/H,SO, Cale Obs.* 
1 0-0055 —10-61 10-49 
oe: ool ~110-31 — 10-24 
0-5 0-0282 —~ 900 - 91 
10 O-O581 —~ 059 961 
20 0-125 — @25 9 26 
40 0-293 a8 &-89 
50 0402 - & 75) & 75) 
60 0-532 862 8-63 
ao 0-897 840 a4 
10-0 1-53 — #18 819 
12-5 34s — Fl 791 


* Hammett and others (loc. cit): the calculation uses the experimental value for the acidity 
function of 95%, sulphuric acid 





The Acidity Function of Oleum.—Values of the acidity function of fuming sulphuric acid 
containing between 0% and 14%, of free sulphur trioxide (1.¢., sulphur trioxide in excess of the 
composition H,SO,) are collected in Table V. 


Taste V 


Acidity function of furning sulphuric acid. 


SO, s oo 20 44 60 80 100 12-0 14-0 
H,sO, % 100-0 100-45 100-90 101-35 101-80 102-25 102-70 103-15 
H, 10-89 11-65 11-89 12-06 2-22 12.37 12-53 12-68 


Equations (5) and (6) represent alternative possibilities for the equilibrium between the 
indicator and the medium, the former being analogous to the equilibrium (2) : 
ArNO, + H,S,0, == ArNO,H* + S,0,H™ ; — 
ArNO, + SO, = ArNO,SO,. o - 


The ultra-violet spectra do not distinguish between the equilibria (5) and (6), but the question 
can be decided from the influence of bisulphate ions, added initially to the medium, on the 
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position of the indicator equilibrium. The addition of bisulphate ions establishes a further 
equilibrium, the position of which lies essentially on the right hand side of equation (7) : 


SO,H™ + H,S,0, == H,S0,+5,0,H- . . (2) 


Bisulphbate ions, therefore, displace the indicator equilibrium (5) or (6) towards the left by the 
removal of pyrosulphuric acid (or “ free " sulphur trioxide) by the reaction (7). Ii the indicator 
is engaged in the equilibrium (5) its ionisation will also be reduced by the mass-action effect of 
the S,O,H™ ions produced in (7), but, on the other hand, if the equilibrium (6) is established, 
the indicator ionisation ratio will be comparatively insensitive to the presence of S,O,H™ ions. 
The point can be tested by comparing the effects produced on the ionisation ratio of a suitable 
base by the addition of an equal molal concentration of water and of bisulphate ions. Water 
reacts quantitatively according to the equation H,O + H,S,O, = 2H,S0,; bisulphate ions 
also remove pyrosulphuric acid, forming S,O,H™~ ions according to equation (7). If the 
indicator is involved in the equilibrium (6), the influences of water and of bisulphate ions on 
the indicator ionisation ratio should be similar, but if (5) is correct the effect of the bisulphate 
ions should exceed that of water. 

The necessary comparison can be made from the results in Tables I and I, and the figures 
below show that the influence of potassium bisulphate on the ionisation ratio of p-chloronitro- 
benzene so far exceeds that of water as to leave no doubt that the mass-action effect of the 
$,0,H™ ions on the indicator equilibrium is real. The equilibrium (5) is, therefore, established 
in the media under discussion, although the possibility remains that (6) may operate in very 
strong oleum. 


Influence of water and potassium hydrogen sulphate on the tonisation ratio of p-chloronstrobenzene 
(medium : 103°55% H,SO,). 


Added substance. 








Concn., 
mol. kg. log (1B) /(BH*). 
HO .. 0.00 ~1-26 


0-10 1-26 
0-25 ~ils 
0-49 —0-93 
061 ~ 0-88 


Some measurements of the degree of ionisation of 4: 5-dibromo-2 : 7-dinitrofluorescein in 
weak oleum have been reported by Lewis and Bigeleisen (/oc. cit.), but this compound is a 
cation base in such media and the related acidity function is WH, and not H,. These authors 
assumed that the equilibrium (6) was established between the indicator and the medium in all 
fuming acids, and calculated the acidity function of oleum from the partial vapour pressure of 
sulphur trioxide by the equation: H — a constant + log Pgo,. The results (cf. Deane, J. Amer. 
Chem. Soc., 1945, 67, 329) are quite different from those reported in this paper. It has been 
claimed (Deane, Joc. cit.) that the values obtained by Lewis and Bigeleisen are consistent with 
measurements of the rate of cyclisation of o-benzoylbenzoic acid, but the test is inconclusive 
because the acid does not ionise as a simple base in sulphuric acid solution (Newman, Kuivila, 
and Garrett, /. Amer. Chem. Soc., 1945, 67, 704). 


University of Lowpow, Kivo’s Cottece, Strranp, Lowpox, W.C.2. 
Tue Universrry, Grascow, W.2. (Received, December 2nd, 1949.) 
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207. Aromatic Sulphonation. Part II. Kinetics of Sulphonation 
in Fuming Sulphuric Acid. 
By J. C. D. Brann. 
The kinetics of sw Po om of p- eae ae 


methylarimonimum 
between 0” aid 43" ia oleum cootaining up to 39%, of sulphat triode ae een eS wales 
initial concentrations and the retarding influence of ie apes sulphate, barium sulphate, 
bariam di(methy! sulphate) have been Seeded, its were conducted with an 
excess of sulphur trioxide and were of the first order <a ve respect to the concentration of 
organic reactant, —d[ArH)}/dé = 4,/ArH). p-Nitrotoluene and nitrobenzene were present in 
the medium chiefly in a totally unreactive tonised form, and sulphonation occurred 
the small equilibrium proportion of un- “wonisedt base. For the quaternary ep ee methyl 
sulphates and for un- p-nit and nitrot the variation of 4, with the 
composition of the medium is expressed by the equation log 4, = log A + 2-3 log A, where A 
is a parameter characteristic of the substance undergoing tion and # is the stoicheiometric 
molar ratio H,S,O0,:H,SO, The constants of the Arrhenius equation have been evaluated 
kinetics are shown to be consistent with the assumption that the governing step in 
sulphonation # : SOM’ + ArH «~ ArSO,H + H*. Relative values of the velocity coefficient 
of this reaction have been determined. 








Wits emphasis on the theory of reaction kinetics, Hinshelwood and his collaborators (/., 1939, 
1372; 1944, 469, 6490; 1948, 1065) have studied the kinetics of sulphonation of several aromatic 
compounds by solutions in nitrobenzene of both sulphuric acid and sulphur trioxide. In this 
solvent the velocity of sulphonation by sulphur trioxide was of the second order with respect 
to sulphur trioxide and the reaction was retarded by the product; this was shown to be 
accounted for if the governing step involved S,O, molecules : 


250, => S,O,; S,0, + ArH = ArS,O,H; ArS,O,H == ArSO,H + SO,. 


The kinetics of sulphonation by sulphuric acid in nitrobenzene were consistent with a reversible 
mechanism involving attack by SO,H* ions and represented by the equilibria 
2H,SO, ==> SO,H* + SO,H~ + H,O 
PhNO, + ArH + SO,H* <= PhNO,H* + ArSO,H 

Sulphonation in Fuming Sulphuric Acid. —Little attention has been paid to the quantitative 
side of this reaction. The kinetics are quite different from those encountered with nitro- 
benzene as a solvent: the reaction is more vigorous and is usually not reversible, in the sense 
that the forward and reverse reactions do not occur under the same conditions. Lauer and 
others (J. pr. Chem., 1935, 144, 32; Ber., 1936, 69, 2615; 1937, 70, 333) investigated the 
sulphonation of anthraquinone in oleum but, by varying the concentrations of both reactants 
simultaneously, obtained a very complicated result which will be discussed later (§ 3). Lauer 
concluded that molecular (undissociated) sulphuric acid acted as the sulphonating agent both 
in concentrated and in fuming media, and that sulphur trioxide facilitated the reaction only 
through its ability to combine with the eliminated water molecule. The kinetics of sulphonation 
of p-nitrotoluene were examined by Martinsen (2. physikal. Chem., 1908, 62, 713) in oleum 
containing 24% of sulphur trioxide and by Cowdrey and Davies (/., 1949, 1871) in media 
containing |—5°5°, of sulphur trioxide. Martinsen also experimented in anhydrous sulphuric 
acid, and beth authors made measurements in acids containing a smal! proportion of water. 
In weak oleum, Cowdrey and Davies found that the rate of reaction was given by the differential 
equation 

d(C, H,NO,) /di »C Hy NO,)'SO, : (1) 

where (SO,) represents the stoicheiometric concentration of free sulphur trioxide. Martinsen’s 
results also conform to equation (1) (Joffe, 7. Gen. Chem. Russia, 1933, 3, 437, 505; Abstr., 
1934, 178) and a comparison of some of the published results with those reported in this paper 
is given in Table I\ However, because of a complicating ionisation of the p-nitrotoluene 
Part 1}, these kinetics are not altogether typical of sulphonation. In the following discussion, 
the kinetics of the most general case will be presented in § 1, and the nature of the changes 
introduced when the organic reactant is involved in a simultaneous ionisation will be reviewed 
in §§ 2 and 3 

1. Kinetics of Sulphonation of Phenylirimethylammonium and p-Tolylmethylammonium 
Salts.—In the kinetic experiments the quaternary ammonium salts were introduced as their 
methy! sulphates, and the progress of the reaction was followed by a modification of Martinsen's 
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method. The p-tolyltrimethylammonium jon reacted exclusively in the — with 
respect to the trimethy group, but the phenyitrimethylammonium ion yielded 
approximately 78%, of phoayttrimethylammontem 3-sulphonate, m-Me,N*-C,H,"SO,”, together 
with 22% of the o- and p-isomers (Brand and Rutherford, Research, 1949, 2, 195). The details 
of the analysis of the products will be published shortly. Because the initial concentration of 
the quaternary ion was low, the concentration of sulphur trioxide did not change significantly 
during reaction and individual experiments obeyed equation (2) : 


—d[ ArNMe,*]/dé = &,/ArNMe,*) “sy & 
The results of a typical experiment are given below 





Expt. 120 


Temp., 25°. Medium, 15-74% of SO, 


so,) initial: 1-968 mols. /kg. 
*\ final: 1-023 mots. /kg. (calc. : 


Concn. of Tota! 
PhN Me," SO,Me" . Teaction, 10*,. Tune, 
' ; mins. 
13-6 
is? 
- 46 
00211 


The results of all velocity measurements are collected in Tables I-—VII. Concentrations are 
expressed in moles per kg. of solution and the time is in minutes. For a given temperature the 
results may be summarised as follows 

(a) Influence of composition of medium. The rate of reaction is a function of the free sulphur 
trioxide concentration raised to a high and variable power. The reaction order with respect to 
the molar concentration rises from 2°7 in 4-—8% oleum to 4°6 in 16-20% oleam, and a relation 
of the form 4,0 'SO,)* applies only if » is expressed as a function of the composition of the 
medium. A satisfactory empirical correlation exists between 4, and the molar ratio 
H,S,0, : H,SO, of the form 

log 4, = log A + 2-3 log((H,5,0,)/(H,SO,)) . . (3) 
where A is a constant characteristic of the substance undergoing sulphonation (Fig. 1).* The 
ratio H,S,0, : H,SO, will be written hereafter as R. 2 is calculated assuming (1) that bisulphate 
ions react quantitatively according to the equation SO, + SO,H~ « S,O,H™, and (2) that the 
remainder of the free sulphur trioxide is present as molecular pyrosulphuric acid, H,S,0,. 
Methosulphate (MeSO,~) ions¢ are counted as bisulphate (SO,H~). Assumption (2) is a 
reasonable first approximation in the moderately dilute oleum under discussion, where the 
proportion of molecular sulphur trioxide is small (Miles, Niblock, and Wilson, Trans. Faraday 
Soc., 1940, 36, 345; Miles, Niblock, and Smith, sbid., 1944, 40, 281); moreover, equation (3) 
is, for the time being, used quite empirically. The experimental results are given in Table I; 
values of &, are in column 8. 

(b) Influence of basic substances and reactant concentration. Most inorganic salts are basic 
towards oleum, and experiments were made to determine the kinetic influence of potassium 
sulphate, potassium hydrogen sulphate, and barium di(methy! sulphate). These salts retard 
sulphonation powerfully, and the measured velocities of reaction are given in Table LI, column 10. 
The reaction was also retarded by increasing the concentration of quaternary ammonium ion, 
but, by simultaneously varying the concentrations of the latter and those of barium di(methyl 
sulphate) in such a way that the total concentration of methosulphate ions remained constant, 
it could be shown that the velocity coefficient was approximately independent of 
the concentration of quaternary ion although very sensitive to alterations in the 
concentration of methosulphate ions. Equation (2) was, however, essentially valid 
to cover variations of the initial concentration of quaternary ammonium ion. (This 
follows, for example, if experiments 97 and 98, Table Il, are compared with experiments 


* Equations (3). (5), (7), (8), and (9) were empirically satisfactory in oleum containing 1—39% of 
sulphur trioxide, but are meaningless if extrapolated to 100% sulphuric acid (R = 0) or to very strong 
oleum 

t Salts containing the grouping 4NMe(MeSO,- are commonly termed “ methosulphates,” 

ine methosulphate. The convenient beg methosulphate ion” is, however, anal to Guncks 
eSO,”, a8 this is anlikely to cause confusion 
3T 
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Taste I. 
Influence of medium on the rate of sulphonation (temp. 25°). 
Medium 
Sulphur trossde. Initial 
VvKe—ro— pt concn. af 1A, 
mol ‘kg C,HyNMe,SOMe = min, 
00330 





roots ood . 
S2ss-stts 


C,HyNMe,” log 4, ~ 23, + 22, log # PhNMe,* : log é, « 2 + 2-3, log R. 


4, Table |, or 99 and 104 with 101.) Potassium sulphate and barium di(methy! sulphate) 
exerted roughly the same kinetic effect at the same molar concentration, and the smal! difference 
which was observed was probably due to the methyl! hydrogen sulphate released in solution 
from the latter, because the retardation produced by potassium and barium sulphates was 
indistinguishable (Table V1). 

Qualitatively, the retardation by bases is readily interpreted. The effect is caused by the 
bisulphate ions into which both sulphate and methosulphate ions are converted by the reactions 
SO,” + H,SO, « 250,H~ and SOMe~ + H,SO, « MeSO,H + SO,H™~ respectively. The 
bisulphate ions and molecular pyrosulphuric acid establish the equilibrium 

SO,H- + H,S,0, - S,0,H-+HSOQ, ... . (4) 
the position of which lies on the right hand side (Brand, /., 1946, 880). The consumption of 
pyrosulphuric acid according to equation (4) will diminish the rate of sulphonation, but this 
effect alone is insufficient to account for the observed retardation, even on the assumption that 
reaction (4) proceeds quantitatively from left to right. This is illustrated, for example, by the 
fact that the retardation produced by bisulphate ions is more than twice as great as that 
brought about by the same number of moles of water. More exactly, the comparison is between 
the number of moles of potassium hydrogen sulphate (#,) and of water (n,) which produce the 
same change in FR, but #, and m, are approximately equal... The difference is not a primary 
salt effect, because no change occurs if the potassium ions are replaced by barium ions, and it is 
assumed to arise from a mass-action effect of the hydrogen pyrosulphate anions on the 
equilibria which determine the concentration of the sulphonating agent. The empirical 
equation (3) does not hold in the presence of added bisulphate ions, unless an additional term 
is included 

2. Kinetics of Sulphonation of p-Nitrotoluene.-The velocity of sulphonation of p-nitro- 
toluene was measured by the method referred to in §.1. The experiments yielded first-order 
rate coefhicients (equation 2a), except in a limited number of cases in which the concentrations of 
sulphur trioxide and f-nitrotoluene were commensurate and equation (1) was obeyed (Table I'V). 


dArNO,) dt k, ArNO, , i oo 
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(a) Influence of medium composition. The variation of the coefficient 4, with the strength 
of the medium is shown in Table I], column & In weak oleum the order of the reaction with 


Taste Ill. 


Influence of medium on the rate of sulphonation of p-mitrotoluene (pK, = — 10°28) 
Medium 
Ra eey Initia! 
Sulphur trvnide conca. of 
Acid ro — I p-C,H,NO,, 10*A, pK, + log 10°, 
ao % mel Temp mol. /kg : 

5 O75 > aS 00-0257 
O78 2 3 0-0282 
213 2 O-o74l 

06-0247 
7-37 2 00246 
oolez 
0264 
ole 
oolas 
01106 
0 1205 
0.1208 
01216 
O1191 
1248 
0- 1266 
06-1203 
01211 
ooo? 
O92 
00299 
06-0307 
0-0322 
00-0206 
00308 
06-0301 
0-1196 
00-1163 
01201 
0-1189 
O-11S) 
o1180 


cr 


~—o 


“asd a2 eds 


eee ec 00 OH 
co === 
oe rer 


a 


-————=—s> 


respect to the concentration of sulphur trioxide was close to unity (cf. Cowdrey and Davies, 
joc. cit.), but it failed to remain constant, becoming greater in stronger media (Table IV The 
results were satisfactorily expressed by the equation 


log &y ~ —O-74 + D1, log R 5) 


which resembles equation (3) except that the order of reaction with respect to FR is now Il, 
(Fig. 1). The reaction was much slower than might have been expected from the results in § 1. 
For example, in oleum containing 16°, of sulphur trioxide, p-nitrotoluene reacted more slowly 
than the phenyltrimethylammonium ion although in the same medium the p-tolyltrimethy] 
ammonium ion reacted too rapidly for measurement. This lack of reactivity was associated 
with the ability of p-nitrotoluene to ionise as a base in sulphuric acid (equation 6) since the 


C,H,-NO, + H,SO, == C,H,NO,H* + SO,H™ (6) 


ionised form would react less readily than the uncharged molecule with an electrophilic 


reagent. In oleum, the proportion of reactive, un-ionised base is quite small as shown by the 
figures below (10°¢—10-*m-solution) 


so, % . 0 : 10 12 4 16 
Un-ionised #-nitrotoluene, % 19-7 O81 656 040 «860-27 


In solutions which are more concentrated with respect to p-nitrotoluene the proportion 
of the un-ionised form is somewhat greater. Assuming that the ion, C,H,"NO,H"*, is so 
unreactive that sulphonation occurs entirely through the smal! equilibrium proportion of 
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Tams IV. 
Second-order velocity coefficients of the sulphonation of p-nitrotoluens (temp. 25°) 
Medium 


Sulphur trioxide Initial concn 
a of C,H,-NO,, 
mol. (1 





e) 


10%” 
(min mole ie 
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1, Martinsen, loc. cf. 2, Cowdrey and Davies, joc. cif. 3, This paper 
N.B.—In this Table, concentrations are expressed in moles per itive 


un-ionised base, the true velocity of reaction, calculated on the concentration of wn-ionised 
p-nitrotoluene, would be obtained by dividing the observed values of A, by the proportion of 
un-ionised molecules. When this is done (Table V and Fig. 1), the corrected coefficients, &,, 
show (i) that the order of reaction with respect to F# is 2°3, and (ii) that the absolute rate of 
reaction is similar to that observed for the #-tolyltrimethylammonium ion. The empirical 
equation which fits the results is 


log A, = 2:32 + 2-3, log R (7) 


The kinetics of sulphonation of the quaternary ammonium ions and of p-nitrotoluene are 
compatible, therefore, if allowance is made for the basic ionisation of the latter 


Taste V. 
Velocity of sulphonation of un-tonised p-nitrotoluene (temp. 25°) (pK, 10-28 
Medium 


Sulphur trioxide Fraction of 
un-ionised 
C,HyNO, log 10°A, log 10%, 

0 0464 0-41 

00239 O74 

0-0127 ll 

06-0106 1-19 

0-0063 1-42 

00045 1-52 

0-527 : 00-0029 1-66 

0-349 : 0-0014 1-86 





(b) Influence of added bases. The sulphonation of p-nitrotoluene is retarded by increasing 
the concentration of reactant and by adding potassium sulphate or other bases to the solution 
(Table VI). Potassium and barium sulphates produce the same retardation at the same molar 
concentration. The diminution in velocity brought about by increasing the concentration of 
p-nitrotoluene is accounted for by the basicity of the compound, since the same effect is 
produced by an equivalent of other bases (¢.g., experiments 165 and 166, Table VI). The 
retarding influence of potassium and barium sulphates on the rate of sulphonation is much 
smalier than was observed with the quaternary ammonium ions, and is accounted for 
quantitatively by the removal of free sulphur trioxide according to equation (4). This is 
illustrated by the entries in the final column of Table V1, where it is shown that (log 4, — log R) 
is approximately constant. (The agreement would be improved by introducing the empirical 
order of 1:17 from equation 5.) The velocity of reaction is, therefore, a function of the medium 
composition only, and equation (5) is valid in the presence of bases. 

The failure of the hydrogen pyrosulphate ions to retard the reaction is only apparent. It 
has been shown (Part I) that these ions would displace the equilibrium of p-nitrotoluene in 
favour of the un-ionised form and this effect, which of itself would increase the velocity 
of reaction, opposes the inherently retarding influence of the S,O,H™ ions. The fact that these 

3u2 
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effects so nearly balance one another is an important clue to the nature of the sulphonating 

agent, because it demonstrates that the concentrations of un-ionised p-nitrotoluene and 

substituting agent are affected proportionately, but in opposite senses, by a change in the 

acidity of the medium. With a small qualification, this is precisely the property possessed by 
x x 

two independent acid-base systems (B,H* = B, + H*; B,H* => B, + H°*), it being readily 


shown that 

(B,)(B,H*)/(B,H*)(B,) ~ K,/K, 
(Square brackets refer*to concentrations; the terms involving activity coefficients are 
symmetrical and have been disregarded.) The analogy with the sulphonation kinetics is 


Fro. 1 Fie. 2. 
Variation the vel 
Variation of rate coefficients and acidity function with of suit of = 
composstion of the medsum. benzene with the composi- 
2 5 70 1$ 2 15 I0% SOs thom of the medium. 
Tt ok, 
ok, 











log (velocity coefFicient 410") 














“I 0 
log R 


N 





Fie. 3 
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tricside with medium composition 
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demonstrated as follows: let (B,) represent the fraction of the total concentration of p-nitro- 
toluene present in the un-ionised form, let [B,H*) represent the fractional concentration of the 
sulphonating agent similarly, and assume that the degree of conversion of B, into B,H* is 
small, Then, because both [B,) and {B,H*) are small compared with (B,H*) and [B,) 
respectively, the rate of sulphonation, which is proportional to the product [B,)(B,H"*), is seen 
by rearrangement of the equation above to be constant if the acidity of the medium changes, 
i.e. if the total concentrations of (B,) + [B,H*} and [B,) + [B,H*] remain constant. This is 
the experimental! result. 
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3. Kinetics of Sulphonation of Nitrobenzene.—The velocity of sulphonation of nitrobenzene 
was measured spectrometrically at 20°. The variation of the experimental! coefficient, &,, with 
the composition of the medium was similar to that described for p-nitrotoluene in § 2 (Fig. 2). 
The results are expressed by the empirical relation 


log A, « 244+ 1O0log Rk 5 
The ionisation of nitrobenzene in oleum is extensive, although not so complete as that 
p-nitrotoluene as the following figures illustrate 
sO, % , 0 4 . i2 
lercentage of un-ionised nitrobenzene 70 lg 99 y1 
The velocity of sulphonation of an-ionised nitrobenzene can be obtained by the method o 


and is given (Pig. 2) by 
log #4, 02 + 23, log R 


Comparing the reactivity of nitrobenzene (4,,..) and the phenyltrimethylammonium ior 
Ai»,), we obtain from Tables | and VII and equation (9), 4,4, /Ais l3at 20°. In 87-—97° 
sulphuric acid, where nitrobenzene is un-ionised, the relative rate of nitration is 19 
26° (Bonner, James, Lowen, and Williams, Nature, 1949, 163, 955) 


Taste VII 


Variation of temperature 


. — 
sulphur trioxide 


“< 


‘ Initial concn. of 10 

Terms ‘ nol. /kg t. m »>-C,H,"NMe,, SO.Me min 
0 305 ry o-c280 
0-293 
O-0307 
0-0259 
0-0314 
oo303 
o-nos20 
o-O301 
~O2T7 
O-O30) 
00-0303 
NPhMe, SE 
O-o301 
oO-opwre 
0-292 
003801 
O-Oz01 
o-oo 
woge7 
0302 
O-O301 


o-o302 





O-ugo2 


p-C,Hy Ni 
0-0306 
150 
o-110 
120 
o-119 


O38 


oouo 


v7.) on 

meus « 

were obtained whoch in a mpi fashion with reac 
solutions of anthraquis } jeum are almost quantitatively 
m (pA, 815), but u exceedingly concentrated solutions et 
a kinetically significant p <rtion of un-ionised ant 





(1950) Brand: Aromatic Sulphonation. Part 11. 1013 


the results is not straightforward. The view of Lauer and his associates that undissociated 
sulphuric acid is the effective substituting agent in oleum depended on a mistaken process of 
correcting the experimental heat of activation by addition of the heat of solution of the product 
in different oleum media. 

4. Influence of Temperature.—The variation of the velocity coefficients with temperature 
for several media may be seen from Table VII, together with results at 25° and 35° from 
previous tables. For a given medium, log 4, or log 4, is a linear function of 1/7. The constants 
of the Arrhenius equation are assembled in Table VIII. The observation that the apparent 
heat of activation of p-nitrotoluene exceeds that of either of the quaternary ions is an 
independent argument for the existence of an unreactive form in solution, because in this case 
the temperature-dependent factor contains a term corresponding to the heat of the reaction 
represented by equation (10), reading from right to left 


P-C,H, NO, + H,S,0, ==> p-C,H,NO,H* + $,0,H™ 10) 


The fact that the pre-exponential factor, 4, is close to 10"! has been quoted elsewhere as evidence 
of a bimolecular reaction, but is misleading. 

Within the error of measurement, the relative rate of sulphonation of the p-tolyl- and 
pheny!-trimethylammonium ions is accounted for by the difference in activation energies. The 
activation energies themselves are probably composite quantities, 


Taste VIII. 
Constants of the equation, kh, = A.c~®'&Te 
Sulphur trioxide NPhMe, SO,Me p-C, Hy NMe, SO.Me p-C,Hy NO, 
— “. —AS | ~ 


$$$ A —_—_— 


. oi..29 pron’ 
concn. mol f log A 


0-267 
O-305 
O53 


—_ 
log A. 
10-23 


10-32 
10-75 
10-01 
7-30 

10-99 
15-0 7-83 11-06 
149 &27 11-18 
15-2 8-72 
* A, was used in the case of p-nitrotoluene 

calculation of the pre-exponential factor 
+ Cowdrey and Davies (/ec. ett.) found FE 18 kcals 


A, and A, were expressed in seconds at 25° tor the 


Discussion. 
Interpretation of the kinetics is handicapped by incomplete knowledge of the equilibria 
prevailing in oleum, and by lack of information concerning the influence of the medium and 
other diclectric effects t is possible, however, to account for the foregoing in a self-consistent 


way by assuming that the sulphonating agent in oleum is the ion SO,H*, and that substitution 
occurs according to the equation 


SO,H* + ArH « ArSO,H + H* 1}) 


Stubbs, Williams, and Hinshelwood (loc, cit.) have previously assumed that the reactive ion 
SO,H* is formed in solutions of sulphuric acid in nitrobenzene. 
Variation of the Rate of Sulphonation with Composition of the Medium,—lI{ the velocity 


coefficient of equation (11) is denoted by 4, the equation for the rate of sulphonation takes the 
form 


d[ArH]/dt = 4(ArH)(SO,H*) . (12) 
Experimentally, equation (2) applies to a particular set of initial concentrations in a given 
medium. By combining it with equation (12) we obtain 

log 4, = log A + log (SO,H*) : (13) 
Equation (13) should describe the variation of 4, with change of medium (apart trom purely 
physical changes), change of reactant concentration, or any other condition except change 


of temperature. Assuming that molecular sulphur trioxide (SO,) and the SO,H”* ion can be 
treated as a normal acid-base pair, their concentrations will be related to the acidity function 
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of the mediam by equation (14), where KX, is the acidic ionisation constant of the ion SO,H", a 
quantity of unknown magnitude : 


H, = pK, + log (SO,) — log (SO,H*) . (a) 


The concentration of molecular sulphur trioxide will be italicised to distinguish it from the 
stoicheiometric concentration of free sulphur trioxide. These quantities are not independent 
of one another (equilibrium 15), but are altogether different in magnitude. 
The concentration of molecular sulphur trioxide is determined by the equilibrium (15), the 
equilibrium constant, AX, of which, expressed in terms of concentrations, is given by A = 
H,5,0,) /[H,S0,)/50,}. 
H,S0O, + 50, == H,S,O,_ . ; , (15) 


If the dissociation of pyrosulphuric acid, by equilibriam (15) or otherwise, is assumed to be 
small, the expression for the concentration of molecular sulphur trioxide becomes 


log [5O,) = —log K + log BR (16) 


where is the stoicheiometric molar ratio, H,S,O,/H,SO,, defined in § le. Equation (16) 
may be tested by plotting log Poo, against log KX, where Peo, is the partial pressure of sulphur 
trioxide in oleum (Pig. 3; data of Miles, Niblock, and Wilson, Joc. cit.) : the relation is linear up 
to 35°, oleum, and the slope is unity at 100° and 0°9 at 50° (at lower temperatures the vapour 
pressure was insufhcient for accurate measurement This appears to justify the use of 
equation (16) and, by combination of it with (14), the expression for the concentration of the 
sulphonating agent becomes 


log [SO,H*) = (pK 4+ pX4) + log R — Hy : (17) 


Equation (17) can be used to evaluate the relative concentration of SO,H* in different media, 
and the extent to which it is proportional to the velocity of sulphonation is illustrated in 
Table IX. Equation (17) may also be simplified by expressing the acidity function as an 
approximately linear function of log R (Pig. 1), Hyg = -—13'5 — 12logR. Inserting this 
result into equation (17) gives: log [5O,H a constant + 2°2 log 2, which is an expression of 
the same form as the empirical equation 5 3, and furnishes correctly the order of reaction 
with respect to R 
Tanie LX, 
Relation betweenthe velocity of sulphonation of NPhMe,* and the concentration of SO,H* ion 


4 
{Initial concn. of N PhMe 


» SO Me : 0-03 mol. /kg Temp., 25 

‘ ‘ f 409 8-23 11-60 13-4 
panphar tricnise} , . lL. kg OS 103 1-45 1-67 
Relative “ 0.0069 00363 © 102 0-166 
1A, 0-75 48 13-6 

4, (SOM O11 O13 0-13 


‘ } ‘ 


The complete theoretical expression for the velocity of sul n f th 


ne quaternary 
ammonium ions and the un-ionised forms of f-nitrotoluene and 1 obe is obtained from 
equath ms 


log R H, + (pK 4 pra . (18 


In the cas { the nitro-compounds, the experimental coefficients, A,, are related to the 


coethicier &, of the un-ionised forms by the equation, 4 


be k,'B), (B) representing the fraction 
of the total concentration of the reactant present in the un-ionised form. In the regions where 
sulphonation occurs with measurable speed, both f-nitrotoluene and nitrobenzene are almost 
quantitatively ionised and, therefore, log [B) ~ p H, (where pK, is the acidic ionisation 


} 1 ty of enint 


i 
v 
constant of the ionised form), and the expressior w the « 
(cf Table X 


yoserved veloc: onation 1s 

19 
Experimentally, the order of reaction with respect to X were observed to be 1:2 and 1° for 
fP-nitrotoluene (equation 5) and nitrobenzene (equation §) respectively If attention is confined 
to a small range of composition of the medium, the variation of the sulphuric acid mole fraction 
may be neglected and, therefore, (SO,) ac (SO,) (cf. equation 16). Introducing this approximation 
in place of equation (16) yields © (5O,), which by combination with equation 
empirical equation (1), which is a satisfactory expression in weak oleum over a limited range of 
medium composition 


(2a) gives the 
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Tamir X. 


Dependence of the velocity of sulphonation of p-nitrotoluene on the concentration of molecular 
sulphur triorde. 

(Initial concn. of C,H,-NO,: 0-03 mol./kg. Temp. 25*.) 

. %. = OE 75 

Sulphur trioxide, “°° » mol. jeg 0-004 

R edenbisuerides miandataenebin 00676 

1OPA, ese . 0-75 : 

a/R .. : aubihd 11 7 O15 oe 


The interpretation of the variation of the velocity of salphonation with the composition of 
the medium may be summarised as follows: the substituting agent is assumed to be the ion 
SO,H"*, the concentration of which is small compared with that of molecular sulphur trioxide ; 
an increase in the total concentration of sulphur trioxide (all forms) brings about (i) an increase 
in the concentration of molecular sulphur trioxide, and (ii) an increase of acidity, producing a 
higher degree of conversion of molecular sulphur trioxide into SO,H* ions. The factors (i) and 
(ii) co-operate, and contribute almost equally to the overall variation of 4, with the medium 
composition. With p-nitrotoluene and nitrobenzene, (ii) is compensated by a proportionate 
diminution in the concentration of un-ionised forms, and the variation is accounted for by 
changes in the concentration of molecular sulphur trioxide alone, 

The Influence of Added Salts.—A preliminary account of this subject was given in § 1) and 
§ 2b, where it was shown that bisulphate ions retard the reaction (i) by diminishing the 
concentration of free sulphur trioxide according to equation (4), and (ii) by diminishing the 
acidity by production of S,O,H™ ions; each of these factors lowers the concentration of 
SO,H* ions (equation 14). For -nitrotoluene and nitrobenzene, the changes in the 
concentration of the un-ionised forms of the nitro-compounds and in the concentration of 
SO,H* ions are inversely proportional to one another, and the observed retardation is accounted 
for entirely by the first of the factors listed above. In the presence of salts giving rise initially 
to bisulphate ions, the extent to which the velocities of sulphonation of p-nitrotoluene and the 
phenyltrimethylammonium ion are proportional respectively to the concentrations of molecular 
sulphur trioxide and of SO,H* ions is shown in Table XI. 


Taste XI. 


Influence of bisulphate ions on the concentration of molecular sulphur trioxide and on the rate 
of sulphonation of p-nitrotoluene. 
(Initial conen. of C,H,-NO,; @12 mol.j/kg. Temp., 2 
Medium 
wy Une arusey Gan 
Sulphur trioxide Added substance 
, | 
concn., mol. /kg R. concn., equiv. /kg. A/R 
1-697 0-227 : 0-157 
1-673 207 K,SO, 01188 : 0-158 
1-661 0 200 KaSO, O 1644 0-150 
1 6648 0-196 K,5O, 01938 O16 
i Ot4 0-187 HaSO, & 2370 0-160 
1-645 0-175 K,SO, 03168 : 0-156 
13-0 1-627 0-169 Bas, 03516 ®151 
1-633 0-161 K,SO, 0 3990 i 0-165 


Influence of basic anions on the concentration of SO,H* and on the rate of sulphonation of 
NPhMe,* (temp., 25°) 


Sulphur trioxide Added substance. Initial 
Pen ET Ia qunencencennrennegE concn. of Relative 
conca., concn, C,H y NO, 
f mol. /kg equiv. /kg mol. /kg +, 4, /(S0,H*). 
1146 f 0-030" oOolmM 
. 0-074 00132 
K,SO, OGL oo29 7 00137 
Ba(5O,Me), 00-0503 00% 7 OOS 
K,S¢ %e 0 0870 003 . oolel 
il“ K,50, 0-150 00% OO1ST 


rhe equations (18) and (19) have been tested comprehensively by tabulating values of 
(log &, + Hy — log R) and (log A, + pK, — log 2) in the final colums of Tables I and II, and 
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Tables I1f and VI respectively. Each of these expressions is equal to (log 4 + a constant), and 
should, therefore, be constant for a particular aromatic compound at a fixed temperature, in so 
far as 4 is itself independent of the composition of the medium. Examination of the Tables 
shows that the extensive experimental variation of the rate of sulphonation is very largely 
accounted for by the theoretical equations (18) and (19). The deviations which are observed 
correspond to a gradual rise of & when the concentration of sulphur trioxide is increased, or in 
the presence of a large concentration of bisulphate ions. The average results obtained for the 
relative velocity of substitution according to equation (11) at 25° are : 


Relative velocity coefficient (eqn. 11 
»-C, Hy NMe, SO Me 
Un-ionised p-C,H,NO, 
Un-ionised PhNO, * 
. 10 (overall) 
NPbhMe, SO.Me 0-8 (m-positions 
* Calc. from results at 20°, using E « 22 kcals. 


The sulphonation of unionised p-nitrotoluene occurred more slowly than that of the 
p-tolyltrimethylammonium ion, in spite of the fact that un-ionised nitrobenzene reacted faster 
than NPhMe,*. The difference is associated with the large interval between the basic strengths 
of p-nitrotoluene and nitrobenzene (Part I), the withdrawal! of electrons from the aromatic 
nucleus by the nitro-group being quantitatively different in the two cases. The velocity of 
sulphonation of p-nitrotoluene was reduced, apparently, at least one-thousand-fold by the 
addition of a proton, and no definite kinetic evidence of reactivity on the part of the ionised 
form was obtained 

The scale of the relative velocities of sulphonation is more condensed than is observed for 
nitration of the same systems, even after taking account of the fact that the phenyltrimethyl- 
ammonium ion is not sulphonated exclusively in the m-position; these two facts should, 
indeed, be considered together, for the SO,H* ion, being less powerfully electrophilic, is less 
susceptible to electrostatic influences than is NO,’ 


EXPERIMENTAI 


M aterials._—Phenyltrimethylammonium methy! sulphate, mp. 126°, and p-tolyltrimethylammonium 
methyl! sulphate, m. p. 1445", were obtained from the corresponding tertiary amines and methyl 
sulphate in acetone. The purification of nitrobenzene and #-nitroteluene was referred to in Part I 
Analak Potassium salphate, potassium hydrogen sulphate, and potassium nitrate were used and were 
dried before use. Pure bariom sulphate was prepared by slowly adding 0-Im-bariam hydroxide to very 
dilute (4%) boiling sulphuric acid Barium di(methyl sulphate) (Found Ba, 35-2, 384. Cale. for 
Ba(SO,Me),: Ba, 382°,)| was dried tn eacwo over phosphoric oxide and used freshly prepared. The 
preparation and analysis of oleum have been described previously (Brand, /., 1946, 555), 

Velocity Measurement These were made at 150°, 200", 250°, 35-0", 400°, and 45-0° in a 
thermostatically controlled water-bath and at 0" in an ice-bath. The compound to undergo sulphonation 
was added as a solid to the oleuwm, and the start of the reaction timed from this addition Tests made 
to determine whether thermal! effects occurred on mixing showed a rise in temperature amounting in 
unfavouralle cases to several tenths of a degree Precautions were taken to compensate for this 

Sampling and Analysis For convenience, the solutions were prepared and analysed by weight 
During the reaction, samples of the solution were removed by pipette and delivered into concentrated 
sulphertc acid containing sufficient water to react with the sulphur trioxide introduced The method of 
analysis depended on the fact that the unsulphonated aromatic molecules were sufficiently reactive to 
be estimated quantitatively by nitration in the presence of the sulphonic acids (Martinsen, loc. cst.). 
This was accomplished by adding a standard solution of potassium nitrate in concentrated sulphuric 

' 


acki to the arrested sample and, after a suitable interval, determining the nitric acid by 


sententiometric titration with ferrous sulphate (Treadwell and Vontobel, Mele. Chim. Acta, 1937, 20, 
3 The concentration of the reactant was calculated from the consumption of nitric acid 

The time required for quantitative nitration ranged from one minute or leas for p-nitrotoluene to 
some 20 hours at 25° for phenylitrimethylammonium methyl sulphate Tests showed that no nitration 
of p-nitrotoluene-o-sulphont« olyitrimethylammonimum-2-sulphonate, 4:1: 2-Me,N*-C,H,Me’SO, 
or phenyltrimethylammonium. 3 shor occurred in a corresponding period The analysis was tested 
repeatedly , some typical results fo : toluene were 


Wt. taken. e 1904 0 OGs! O-O8TT O-956 0.0007 
Found, « ’ 01302 O OGRS O-O66s 0-096 | 0-0906 
it of O-5951 g. estimated as 0-5956 ¢ 
Similar determinations with -tolyltrimethylammonium methy! sulphate (M, 261) and phenyiltr: 
methylammonium methyl sulphate (M, 247) gave an average molecular weight of 260 and 245, 
fespectively 
Some decomposition occurred during the sulphonation of f-nitrotoluene, generating about 10~* mols 
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of sulphur dioxide during complete reaction in the more concentrated media a 

P-mtrotoluene was, therefore. small. ——— reduction of nitric acid occarred during 

aitration, and a correction ied to allow for this raised the velocity coefficient by 1—2%. 
Disappearance of Sulphur Triowsds during Suiphonation.—in a number of kinetic experiments the 

concentration of sulphur trioxide was determined at the end of reaction. Some typical results are 

given below for the sulphonation of pheny!trimethylammonium methy! sulphate, and indicate that the 

t of st absorbed during manipulation is small. Similar results were obtained on using 
p-tolyltrimethylammonium methy! sulphate and -nitrotoluene 


Expt. no 105 ll4 115 109 ilo 
Initial concn. (m.) of NPhMe, SO.Me... 00296 ©0301 ©0291 060733 00747 
Sulphur trioxide 
Initial concn. (m.) ...... 1-451 1448 = 1451 145 1435 
Found (™.) ... 1-405 1-391 1432 1-359 1-360 
Final concn.< Cale. (m.) . 142! 1418 1422 1-36) 1-360 
ls : i 98-9 O81 100-7 99-9 100-0 





M casurement of the Velocity of Reaction by Alternative Methods —(a) Change in light absorption. The 
velocity of sulphonation of nitrobenzene was obtained measurement of the initial rate of change of 
the extinction coefficient, at A 3650 a., of the solution in oleum. The initial concentration of nitro- 
benzene was approximately 10-*m., and the results are shown in Fig. 2. As a test of the method, the 
velocity of sulphonation of f-nitrotoluene was also measured and compared with the value obtained by 
chemical! analysis (Tables I1I and VII) 

&, (min.*) 
Medium, - ~ — 
Temp. (SO,), mol. /kg By light absorption By chem. analysis 
18 0-513 000258 0-00251 
0-280 0-00107 0-00 106 





(b) Dilatometry. Some experiments were made with a dilatometer so constructed that the capillary 
limb formed the stopper of the reaction vessel, but were discontinued. However the results served as 
@ useful check and agreed with those obtained by chemical analysis ; 


Initial concn. of A, (min) 
Expt. Medium, ions a 





_— 





no. (SO,), mol. /kg mol./kg. By dilatometer. By chem. analysis 
a4 1-437 p-C,H, NO, 0-025 0-025 
57 { 1-436 p-C,H, NO, 0-026 0-025 
53 23 1-62 eg 0026 0-033 


6s 5 1-426 PhMe,,SO,Me 0-046 0-029 


* The velocity coefficient is 4, in this experiment. 


(c) Analysis of the sulphonic acid formed. Experiments on the rate of formation of 4-nitrotoluecne-2- 

sulphonic acid were carned out as follows. Samples of the reaction mixture were diluted with water, 

the sulphuric acid was removed with barium carbonate; the resulting solution of barium 4-nitro- 

toluene-2-sulphonate (containing some barium carbonate) was concentrated to a standard volume and 

the barium determined gravimetrically by precipitation with sulphuric acid The results of two such 

experiments were 

Initial 

concn. of co 

Medium, p-C, HNO, 4-nitrotoluene- 

Expt. no Temp k mol. /kg. 2-sulphonic acid f -nitrotoluene 
10 25° o-1212 0-026 

7 25 O12i4 0-027 } 


4, (min) analysis for 


0-026 


Kino’s Cottece, Lowpow 
Tue University, Girascow Received, December tnd, 1949.) 


NOTES. 
The Chloro- and lodo-acetates of Dihydrolanosterol and Dihydroagnosterol, By KR. G. Cunt 


Tue X-ray examinations of derivatives containing atoms of high atomic weight have given considerable 
information concerning the arrangement of the rings and side chain in sterols (Crowfoot and Vunitz, 
Nature, 1948, 162, 608). It is intended to apply this method of structure analysis to some of the wool-wax 
triterpenes, and for this purpose the iodoacetates of dihydrolanosterol and dthydroagnosterol have been 
prepared. They were obtained from the corresponding chloroacetates, potassium iodide, and acetone, 
the chloroacetates being readily prepared from chloroacetic anhydride and the alcohol. Attempts to 
esterifvy dihydrolanosterol and dihydroagnosterol with »sodeoacetyl chioride directly were not successful 
Laperwmental a) Dihydrolanosteryl chloroacetate was prepared by heating dihydrolanosterol (5 g.) 
with chloroacetic anhydride (15 ¢g.) on a steam-bath (3 hours); water was added, the mixture was warmed 
to destroy excess of anbydride, and the solid was washed with hot water and recrystallised three times 
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from hot chioroiorm (20 ml.)-methanol (60 ml.), to give fine white needles (3-6 g.), m. p. 114-5-—115°, 
(al? +57-1° (¢, 3 in chloroform) (Pound: C, 76-2; H, 10-6. C,,H,,O.C) requires C, 76-1; H, 10-6%). 

(b) woe chioroacttate prepared in hke manner from duhydroagnosterol (5 g.) formed 
prisms (3-4¢ ) 143-5144", (aff + 89-3" (¢, 3 in chloroform) (Found : C, 76-4; H, 10-0. f-u..0,c1 
requires ©, Soa: i, 102%) 

(c) Dikydrolenosteryl todoacetate was prepared by refuxing (3 hours) the chioroacetate (1 g.) in acetone 
(60 mil.) with potassium iodide (3. g.). After removal of the solvent and thorough washing of the residue 
with water, three crystallisations from chloroform-—methanol (1:3; 15 ml) gave Klistening — 
(665 g.), m. p. 105--106-5*, [aff +529" (¢, 3 im chloroform) (Found: C, 646; H, #7; I, 21-3 
Cogll Og! requires C, 64-6; H, 895; I, 21-39%) 

[nhydrolanosterol, m. p. 142-—143°, was obtained by hydrolysis of the iodoacetate with alcoholic 
potassium hydromide (4%) 

(d) Didydroagnosteryl ‘todoacatate prepared in like manner from dihydroagnostery! chloroacetate (1 g.) 
and thrice way formed glistening x 0-85 g.j, m. p. 114-—114-5°, [oP +67-5°* (c, 3 in chioro- 
form) (Found: C, 646; H, #6; I, 21-1 gett ,Og! requires C, 64-6; H, 86; 1, 21-3%). Dihydro- 
agncsterol, m . 154-155", was obtained hydrolysis of the iodoacetate with alcoholic potassium 
hydroxide (4%, 

The dihydrolancsterol, m. p. 146-147", [aly +62-8° (c¢, 3 in chloroform), and dihydroagnosterol, 
m. p. 15%--159*, [a)p + 67-5" (c, 3 in chloroform), used were prepared according to the methods described 
* Contributions to the Chemistry of the Sterols,"’ Thesis, London, 1947 








The author is indebted to H. L. Oates and L. Liewelyn of this laboratory for the microanalyses. 
This work forms part of the research programme of this Division._-Drviston or I~pustetat Cuemistry, 
COMMONWEALTH ScrENTIFIC AND InwpUSTRIAL RESEARCH ORGANISATION, AUSTRALIA Recewed, 
Decamber 4th, 1949) 


The Nitration of pp’-Dichloroarcbenzene, By C. D. Hovonrow and Witiam A. Waters 


Parviows workers (cf. Burns, McCombie, and Scarborough, /., 1928, 2928) have established that 
arobenzene and many of its derivatives nitrate and brominate in the pera-position to the azo-group 
Further, the nitrations of both the eo and the m-methylazobenzenes in the 4- and 4’ positions and the 
bromination of m-methylazobenzene in the 4-position indicate that the azo group (or possibly the 
phenylazo taken as a whole) has a greater orienting power than the methyl group. in connection with 
another investigation (see Ford, Waters, and Young, J., 1950, 833) it was of interest to determine, from 
the mode of cationoid substitution of pp’ -dic hloroazobenzene, the relative orienting powers of the chloro 
and azo-groups, and consequently both the nitration and the bromination of pp’-dichloroazobenzene 
have been examined 

The nitration of pp’-dichloroazobenzene with fuming nitric acid in glacial acetic acid solution yields a 
dichloronitroazoxy benzene, mp. 134°, which can also be obtained by the direct nitration of pp’-dichloro- 
azoxybenzene. Under less drastic conditions nitration of the azo-compound does not occur. The 
woduct, m. p 134°, has previously been obtained from pp’-dichloroazoxybenzene by both Calm and 
Reumece (Bev., 1880, 18, 1184) and Heumann (Ber., 1872, §, 912), but these early investigators did not 
attempt to determine its exact structure. Calm and Heumann showed that their azoxy-compound 
could be reduced with cold alcoholic ammonium sulphide to a 4: 4’-dichloro-nitroazobenzene. We 
have repeated this work, and have now found that this nitro-compound, on further reduction with tin 
and hydrochiors + ad yiel< is a mixture of amines from which, by condensation with phenanthraquinone, 
we have been able to isolate 6-chloro-I : 2-3: 4-dibenzphenazine, identical with the product prepared 
by | Sanam and Pat ase Ber, 1904, 36. 4028) from 4-chloro-o-phenylenediamine 

The nitration of pp'«lichloroazobenzene therefore yields 4: 4’-dichloro-2-nitroazoxybenzene 
Whether the nitration of the azo-compound precedes its oxidation, or the reverse, is as yet undecided 
but it is now clear that both the azo- and the azoxy-group have a very marked ortho-Para onenting power 

We failed to achieve the direct bromination of pp’ -dichloroazobenzene, but prepared a sample of 
4. 4 dichloro 2-bromoasobensene for reference yo 

bh sperimental pP’-Dichloroazobenzene was prepared by condensing p-chloromitrosobenzene with 
pP-<hloroanmiine, whilst pp’-d chloroazoxybenzene was obtained as a by product of the prey “aration of 
? chioronitrosobenzene 





4 4'-Diehlore- 2-nitroasorybencene was obtained by dissolving pp’-<dlichloroazobenzene (3 g) in a 
mixture of farming nitric aced (4) mi and glacial acetic acid (20 mil) at 10 he mixture we AS pr ured 
into water after keeping it at 0° for 30 minutes, and the sold was Hected and crystallised rep 





from aicohot it f wmed fine vellow needles. m. p. 134 Found ( 46.6 H, 2-2 
CygH ON, Cl, requires C, 465; H, 22; N, 134% The same product was obtained by dissolving 
fpf’ <dichioroazoxybenzene in a simular mixture of nitric and acetic acids 

4 4 Uichloro 2 nilroascbensene was ¥ pared by keeping the nitro-azoxy-compound overnight with 
a mixture of equal volumes of ethy alcohol and saturated ammonium sulphide solution The 
wiexiuct was precipitated with water, collected, and freed trom sulphur by crystallisation from alcohol 
it formed deep orange-red needles, m. p 210° (Pound: C, 480. H, 235; N, 142. C,,H,O,N,Cl, 
requires C, 40-0 H, 2-4; N, 142% An attempt to synthesise this compound by condensing together 
?-chioronitrosobenzene and 4-chloro-2-nitroanihne failed, the nitro amine could be recovered unchanged 
after the two substances had been heated uncer reflux in glacial acetic acid 

4° 4'-Dichloro-2-nitroazobenzene (5 g ) was reduced by boiling it with granulated tin (5 ¢.) in alcohol 
under reflux, and adding, from time to time, small portions (23 ml ) of concentrated hydrochloric acid 
watil most of the tin had dissolved. The solution was then filtered from tin, diluted with one quarter 
of its volume of water, boiled for 4 hour (charcoal), and refiltered. This filtrate was then heated for 
10 minutes with an aqueous solution of phenanthraquinone (3-6 g.)}, sodium acetate (5 g and sodium 











(1950) Notes. 


hydrogen sulphite (5 ¢.). ey wn 23 50: Oeaneeine gates ease 
ohne mene hemget  g eitechuneea>-tieateh aactle ott Goqeal watemad & foamed guile 
yuh es “se bm pn = me 8g ee gave white, 
(Found: C, 76-4. N88: CL 11-2 Cale. for CH, NC) : C364; N88: Ch It 
pao foe eh yo donee pet oe fe 
4° 4°-Dichloro-2 me bt heating 
gitlerntroetennene (96 sain ere ond 10S The prod 
eee et needles, m. p. 145° (Found: C, 440; H, 21; N, 84. C,,H,N,Ci,Br requires 
C, 43-9; H, 22; N, 65%). 
pr’ Dichloroazobenzene resisted bromination () by refluxing with bromine in glacial acetic acid 
solution in the presence of anhydrous sodium acetate, (ii) by heating for 10 hours at 100° with liquid 
bromine and a few drops of pyridine, and (iii) heating at 100° in 90%, sulphuric acid in the presence of 
both bromine and silver sulphate (compare I and Waters, /., 1950, 573).-Tuz Dysow Pexains 
Laporatory, Oxrorp. (Received, December 16th, 1949.) 





p-Cymene-2-sulphonamides. By (Miss) S. M. Brown and G. H. Tuomson, 


Durine the investigation of new surface-active agents, it was found that some amine derivatives of 
= 2-sulphonyl chlormde are more difficult to prepare than the corresponding derivatives from 
i toluene-sulphony! chiorides. 

All b. p.s and m. p.s are uncorrected. 

Preparation of Pure pC ymene—Commercial p-cymene (1 ) was shaken three times with concen- 
trated sulphuric acid (900 c.c. in all); the top layer was wi successively with water, 1% potassium 
“9 solution, 2N-potasium carbonate solution, and water again, dried (Na,SO,), and distilled ; 

p. 175-176"; yield, 510 ¢ 

p-Cymene-2-sulphonyl Chloride.—p-Cymene (67 g.) at 0° was added dropwise to stirred, ice-cold 
chiorosulphonic acid (180 c.c,) (B.D.H. techn.), the temperature being below 5°. When the addition 
was complete (#0 minutes), the mixture was poured on 2 kg. of crushed ice, and the oily layer separated, 
washed, dried, and distilled ; it had b. p. 163-—-165°/15 mm.; yield, 75g. The sulphonamide, m. p. 115° 
(Found: N, 6-62. Cale. for CyH,,O.NS: N, 657%), was obtained quantitatively from the chloride, 
but the overall yield (44-87%) quoted by Huntress and Autenrieth (/. Amer, Chem. Soc., 1041, 68, 
3446) was not attained. 

Substituted Amides —-The amine (2 g.) was shaken with 10% sodium hydroxide (20 c.c.), and p-cymene- 
sulphony!l chloride (6 g) added in one-fifth ODS ; the mixture was shaken for 5 minutes after each 
eddition After 15 minutes’ boiling and 2 rs’ storage, a solid product was obtained, which formed 
white crystals from ethanol. p-Cymene-2-sulphonantisde (2-meihyl-5-isopropylb tide) 

5° (Found ; N, 4-00 C,H Pe requires N, 484%); the cycloherylamide had m P- s2° 
N, Cy hl,, 6 NS requires NG %), and the o-, m-, and p-foluidine analogues had m. 

, 101-5", and 129°, respectively (F an bg 47, #7, 4-7, respectively. Cy, HgO,NS requires 
46% 

Dovis atives from bensidine and 4-methyl-1 : 3 ——— Benzidine (2-3 g.) or 3-methyl-1 : 
phenylenediamine (1-5 g.) was shaken with 10%, sodium hydroxide (40 c.c.), and the sulphony! Slorkde 
(6 g.) added in one-fifth portions, the mixture being bailed after each addition and finally boiled under 
reflux for | hour and then set aside overnight. The benzidine eaves the above formed grey crystals 
from »-butanol, m. p. 257-258" (Found; N, 7-35. C,,H,,O,N uires N, 7-37%), and the vt methy| 
1 : 3-phenylened:amine derivative formed grey crystals from ethan: (Found N, #10. C,H Oy xs 
requires N, 881%), m. p. 166°. In neither case did further treatment with the sulphonyl chlor 





m. Pp 

Morpholine derivate. Morpholine (4-4 g.) was added to a solution of p-cymenesulphony! chloride (6 g 
in benzene (15c.c.). The morpholine hydrochloride which was immediately precipitated was filtered off, ant 
the benzene removed in a vacuum at 30°. The resultant giass was triturated with light petroleum (b 
0.80") and then recrystallised once from ethanol and twice from light petroleum. The morpholide 
formed white crystals, m. p. 62-5° (Found: N, 506. C,,H,,O,NS requires N, 4-05%) 

Piperidine derivative. Piperidime (2 g.) was shaken with 10% sodium hydroxide (20 c.c.), and 

-cymenesulphony! chioride (9 g.) added in one-fifth portions. After being boil-d for 30 minutes and 

a overmght, the oily product was extracted with ether, and the extract washed and dried (Na,SO,) 
The ether was removed, and the oi) distilled ina vacuum. The piperidids, b. p. 222-—-225°/15 mm., was 
colourless, but could not be induced to crystallise (Found: N, 5-00. C,,HO,NS requires N, 408%). 


The authors thank the directors of Messrs. Muir and Pullar Ltd., Dunblane, Perthshire, for 

mission to publish this note, and Mr. A. L. Cochrane and Mr. T. J. M. Whitelaw, Analytical Dept., 
istillers Co., Ltd., Glenochil, for the analyses. —Tue Distiu.cers Co., Lrp,, Giewocmit, CLackMaNnnan- 
suine. (Recewwed, December 20th, 1949.) 


Fluorescence and the Beer-Lambert Law. A - ote on the Technique of Absorption 5S pectrophotometry 
By E. A. Braupe, J. S. Fawcerr, and C. J, Timmons 


Oxx of the fundamental pri — of pad cc rene spectrophotometry is the assum, that 
the intensity of absorption is direc y be pe and that th the extinction coefficient ia =a 
of, the concentration of absorbent law) aed @ the length of the absorption path (La . 4 
As far as we are aware, the validity of ‘Lambert s law has never been questioned 

Beer's law, on the other hand, are quite ey | encountered, but it a rs generally oped ‘that 


this is always due to concentration-dependent chemical equilibria as association or isation 
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reactions in general, however, simple organic compounds in neutral solution are assumed to obey the 
Beer-Lambert law. and in many cases the validity of the law has been tested and explicitly confirmed 

We have repeatedly observed (cf. Braude, Fawcett, and Newman, /., 1960, 793) in the course of 
work with a wide variety of organic compounds, that the ultra-violet light absorption of substances 
which exhibit strong fluorescence in solu appears to vary markedly with both concentration and 
cell length. Moreover, smaller but nevertheless significant deviations from the Beer-Lambert law are 
found with many compounds which do not exhibit visible fluorescence, and the magnitude of the effects 
ts closely dependent on the type of instrument and the experimental conditions employed Although 
none of the compounds concerned would be expected to undergo any reversible reactions in dilute 
neutral solutions, such an explanation can never be rigidly ruled out for the deviations from Beer's law. 
the deviations from Lambert's law, on the other hand, which are equally or even more pronounced in 
these cases, can only be physical in origin. As will be shown in the sequel, it is very probable that the 
variations of extinction coefficient with concentration are due to the same cause as the variations with 
cell length, namely to the superposition of transmitted light and scattered fluorescence emission. This 
phenomenon appears to have escaped notice hitherto and the ewe of this note is to draw attention 
to the important bearing which it has on the widely employed techniques of absorption spectrophot: —- 

Although relatively few quantitative measurements of the fluorescence spectra of organic compou 
in solution have been recorded (cf. Hausser, Kubo, and Kuhn, Z. paysital. Chem, 1935, B 29 417. 
Kortém and Vinckh, si¢., 1062, B, 68. 263; Ley and Specker, Z. wiss. Photographie, 1939, 38, 13 
Schoental and Scott, / 1940, 1683), it is known that unsaturated compounds which exhibit selective 
ultra-violet of visible-light absorption also give rise to Mucrescence emission in the same region 
Cenerally, the fluorescence spectrum is at longer wave-lengths than the absorption spectrum, but in 
polyatomic compounds some overlap often occurs owing to the close spacing of vibrational levels 
cf. Bowen, Quarterly Reviews, 1947, 1, 1). It is clear that if, in absorption measurements, any of the 
tluorescence emission reaches the recording device, the apparent intensity of transmitted light at that 
wave-length will be increased, i¢. the apparent intensity of absorption reduced, and that the magnitude 
of this efiect will depend on the ratio of the intensities of the recorded fluorescence emission and of the 
tranamitted light. It is necessary to distinguish between two types of instrument, (4) those in which 
the light is dispersed efter passing through the absorbent (¢.¢. the Hilger Spekker apes trophotometer and 
most other photographic instruments) and (b) those in which the light is dispersed before passing through 
the absorbent (¢ g. the Beckman and other photoelectric spectrophotometers). In type (a) a fraction 
of the fluorescence emission will be scattered into the slit of the spectrometer and will reach the recording 
device after dispersion, giving rise to an apparent decrease in absorption intensity at the wave length of 
the fuorescent light. In this arrangement, the effect will be relatively small (i.¢. only noticeable with 
strongly fluorescent substances or bands) and will be spread over the spectrum. It will be larger at high 
extinctions, when the intensity of real transmitted light is small, but the precise relationship between 
the extinction coefficient and the concentration and the cell-length may be influenced by at least the 
following additional factors: (i) decrease of fluorescence intensity at increasing concentrations owing to 
quenching effects, (ii) change in scattering properties with cell-length and cell shape, and (iii) increasing 
te-absorption of scattered fluorescence emissions with increasing cell-length. In instruments of type (5), 
the flucrescence emission will be scattered directly into the photoelectric cell, giving rise to an apparent 
decrease in absorption intensity at the wavelength of the absorbed light, and owing to the greater 
proximity of the cell to the recording device, the effect of the fluorescence emission will be much larger in 
this type of instrument than in type (¢). As before, deviations from the Beer-Lambert law will be 
largest at high extinctions when the intensity of the transmitted light is small The effect will therefore 
generally increase with increasing concentration at constant cell-length, and with increasing cell-length 
at constant concentration, subject to the additional factors mentioned above 

The fluorescence effect is Ulustrated below by measurements of the highest-intensity bands of 
naphthalene, anthracene, and styryldimethylcarbinol, using a Beckman photoelectric spectrophotometer 
(Model prt Whereas potassium chromate gives concordant intensity values over the whole range of 
extinctions (/ 0-1—~2-5) and cell lengths (0-1—1-0 cm.) employed, the apparent extinction coefhcients 
for the organic compounds show startling variations, ¢ decreasing strongly at high extinctions The 
deviations from the Sheer Lambert law generally become appreciable for extinctions above 1-4), and for 
extinctions higher than 2-0, ¢ actually decreases with increasing concentration in the case of naphthalene 
and anthracene Under these conditions, the intensity of the fluorescent light is evidently greater than 
that of the tranamitted light and therefore the fluorescent intensities in these examples are of the order 
of one hundredth of the intensity of the incident light As would be expected, extinction readings in 
the region where the fluorescence effect is appreciable vary somewhat with the slit width employed 
Deviations of a emalier order are also exhibited by the longer-wave-length, lower-intensity bands of 
napthalene and anthracene. Using a Hilger Spekker photographic spectrophotometer, on the other 
hand. the Deer-Lambert law i« obeved almost within experimental error + 2%) in agreement with 
the findings of Mayneord and Roe (Proc. Rey. See., 1935, A, 168, 209) and the extinction coefficients 
correspond fairly closely to the highest values of ¢ obtained with the photoelectric instrument 

The results obtained with styrvidimethvicartimnal show that the fluorescence effect is by no means 
limited to polyeyelic aromatic derivatives (cf. Brande, Fawcett, and Newman, /., 1950, 793 Since 
all compounds exhibiting selectiy absorption in the ultra-violet may theoretically also exhibit 
fluorescence, deviations from the Heer-Lambert law would indeed be expected to be quite general, 
but the magnitude of the effect will obwiously depend on the wave-lengths and the intensities of the 
fluorescence bands and ht is known at present concerning the dependence of fluorescence on structure 
in simple unsaturated syste L sing a Beckman instrument, we have observed appreciable deviations 

h other styry!l derivatives, bot not with benzo acii or conjugated 


findings bviows significance in relation to the use of light-absorption data for 
the characterisation and analysi f organ ‘ ands and in relation to the cl e and design of 
instruments. It i ic y desirable that the Eeer-Lambert law should be ted wherever possible 
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and that the conditions of measurement should be more closely defined than has been the practice 
hitherto. The extinction range E = 0-3—0-7 is usually regarded as instrumentally the most accurate 
in photoelectric photometry, and the possibility of fluorescence emission provides additional reason for 
avoiding higher extinctions. 
Beckman Photoelectruce Spectrophotometer 
¢ = Concentration in g.-mols./l. i «Cell length in cm. E = Extinction (optical density 
reading. ¢ — Apparent molecular extinction coefficient « E jc 
(i) Potassiem chromate in 0-05m-aqueous potassium hydroxide. Maximum at 2725 4 

Lute 285 , 2-08 4a7 55s ~ —-—-———-— --—-- Bon — 
j - nsec 9) oa - - 1 o2 0-33 o5 

0104 8=60-25) O748 1-75 2-38 0-123 02348 «60604230 =60-625 

560006 6368) U8 U8 8620 8580 U8 86H OO 


(ii) Naphthalene in ethanol. Maximum at 2200 a 
ool2 0-065 O15 0-25 O35 155 --——- -— O47 — 
. - 1 o2 
0-119 0-618 2-05 2-35 2-32 0-518 116 2 
98,000 865,000 83,000 82,000 67,000 15.000 110,000 106.000 108,000 97,000 


Saas Y 


iii) Anthracene in ethanol. Maximum at 2510 a 
O11 0-033 0-055 0-099 0-132 O1M 0-275 0 860 1-35 4h 
" oame, Y 3 . 


0-188 © 565 0-930 1-537 1-865 1-965 2-15 2-22 2-23 2 
170,000 171,000 170,000 156,000 142.000 128.000 T8500 27.000 16,000 4, 


ol o2 
473 0-933 
72,000 170,000 170,000 136,000 74,500 


iv) Styryidimethyicarbinal in 60% aqueous dioxan. Maximum at 2510 a 


11 0-20 0-55 1-10 427 -—- +> —— 214 — 

apeuseiennel , 80 oconw ———w @j o2 0-33 Os i” 
®-212 0-535 oo 1-53 1-75 Oo 304 0-738 1-20 1 6a5 ire | 
19.300 18.500 17.200 13,000 4.100 18,400 17,200 16.800 14.800 8,100 


We thank the Department of Scientific and Industrial Research for two Maintenance Grants 
(J. S. F. and C. J. T.).--Impertat Cottzce oF Science anp Tucunotocy, Lowpow, 5.W.7 
_Recewed, October 12th, 1049 


The Dinttrophenylhydrasones of the Halogenobenzaldehydes. By O. L. Brapy and 5. G. Jannert 


Watre the various halogencbenzaldehydes were available in connection with other work their 2 : 4-di- 
nitrophenylhydrazones have been papesee by addition of the aldehyde (2 g.), dissolved in a small 
quantity of alcohol, to a hot solution of 2 : 4-dinitrophenythydrazine sulphate (prepared by the addition 
of concentrated sulphuric acid (4 c.c.) to a suspension of 2 : 4-dinitrophenylhydrazine (2 g.) in alcohol 
SO ¢.c.)) whereupon the dinitrophenylhydrazones separated. They crystallised from xylene in orange 
crystals except where otherwise stated. In place of the aldehydes the oximes can be used; as these can 
be purified by crystallisation, purer products can be obtained from them than from the liquid aldehydes 
XC, H,CHIN-NH-C,H,(NO,), 
Found " Found, %, Found, 

M. p x M.p Cc, . . Cc 

om a Iér 203 432 : < v1 385 

266 51-5 m-ir 257 431 2-5 25 38-2 

278 Sl : p- Br 257 429 2 . 2 35-3 


«4% 
7s 


Cy,H,O.N,F requires (CygHt,O,N Br requires oli, *? requires 
3 Cab7; t ‘e 37-9; 1 


4, 2-5 
* Scarlet crystals. 


6%) 
» we 


The dinitrophenylhydrazones of the chlorobenzakiehydes have been described by Blanksma and 
Wacker (Rec. Trav. chim., 1936, 66, 658), Ferranti and Bloom (Amer. ]. Pharm, 1033, 106, 341), Ritel 
and Lock (Monatsh., 1939, 72, 289), and Graymore and Davies (/., 1945, 203). The melting points of 
our specimens were : o-compound 210° and m-compound 255°, which are within I° of the values given by 
lanksma and Wacker but considerably different from those of some other workers. For the p-chloro- 
compound (Pound: C, 401; H, 2-8 Cale, for C,H,O,N,Ci: C, 48-7; H, 28%) we find m. p. 266° as 
compared with 216°, 224°, and 218--220° given by other workers. It seems probable that our compound 
vas an isomeric form like others previously noticed among dinitrophenylhydrazones. It may be noted 
that the melting points given by other workers for the p<ompound are between those for the o- and 
m-derivatives, which is contrary to general experience with compounds of this type —Tur Sir Wittiam 
Ramsay awd Ratrn Porster Laporaronrres, University Cottece, Lowpon Received, January \7Tth, 
1950.) 
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OBITUARY NOTICE. 
SIR WYNDHAM ROWLAND DUNSTAN. 
1861—1949. 


Sin Wyxpnam Rowtanp Duwstan, K.C.M.G., LL.D.,, F.R.S., died on April 20th, 1949, at 
the age of 87, He was the son of John Dunstan, Constable and Governor of Chester Castle, and 
was born at Chester on the 24th May, 1861. He was educated at Bedford School and abroad 
and began his chemical career at the early age of 18 by becoming assistant to Theophilus 
Redwood, then Professor of Chemistry at the School of Pharmacy of the Pharmaceutical 
Society. When this post was divided by the allocation of laboratory work to Professor John 
Attfield, Dunstan became a demonstrator onder Attfield. In 1884 he moved to Oxford having 
been appointed a demonstrator in the University Chemical Laboratorics, and in the following 
year he was made University Lecturer in Chemistry in Relation to Medicine, a post he retained 
for some years after succeeding Redwood as Professor of Chemistry in the Pharmaceutical 
Society's School in 1886. From 1892 to 1900 he was also lecturer in chemistry at St. Thomas's 
Hospital Medical School, a post he kept for four years after his appointment as Director of the 
Scientific and Technical Department of the Imperial Institute in 1896. Seven years later he 
succeeded Sir Frederick Abel in the full Directorship of the Institute, where he remained until 
his retirement from active work in 1924. 

Dunstan's early work was concerned almost wholly with the development of processes for 
the assay of active components in the natural drags of the British Pharmacopoeia, and with the 
application of the results to the production of galenical preparations of these drugs, such as 
tinctures and extracts, in a standardised form, 1.¢., containing a specified percentage of the 
active substance. This was due to the fact that the 1874 Pharmacopoeia was then under revision, 
Redwood being one of the responsible editors, and the necessary experimental work had to be 
done in his laboratory. Dunstan had a practical bent of mind well suited to such investigations, 
as is shown by his work on nux vomica with F. W. Short and on solanaceous drugs with 
F. Ransom and A. E. Chaston, Nine papers were published on nux vomica of which the most 
interesting are probably that on the isolation of the crystalline glucoside, loganin, from the pulp 
of nux vomica fruit (Pharm. ]., 1884, [iii), 14, 1025) and that dealing with the quantitative 
separation of strychnine and brucine, based on the precipitation of the former as ferrocyanide 
and recovery of the alkaloid, as adopted in the Pharmacopoeia of 1896. Four papers on the 
assay of alkaloids in belladonna leaves and root and on the standardisation of their preparations 
were published by Dunstan and Ransom (ibid., 1884, {iii}, 14, 623; 1884, [iii], 15, 154; 1885—6, 
{iid}, 16, 237, 777; 1887, [iii], 17, 843), and special attention was given to the rhizome of 
Scopola carmolca from which Dunstan and Chaston isolated hyoseyamine, possibly a minute 
amount of hyoscine, a phytosterol, arachidic acid from the fat, dextrose, and scopoletin (ib:d., 
1889, fii), 20,461). This drug was at that time regarded asa possible substitute for belladonna, 
and a group of workers published papers on it: E. M. Holmes on its natural history; T. 
Greenish on the histology; F. Ransom on its pharmacy; and Sir Dyce Duckworth on 
the therapeutic action (:ted., pp. 468, 471, 464, 466 

Dunstan also set out to improve the two alky! nitrite preparations of the Pharmacopoeia and 
to that end prepared in collaboration with T. S. Dymond, E. ]. Woolley, and W. Lloyd Williams 
(sded., 1888, (iii), 18, S61; 19, 485, 487, 489, 741) the homologous series from methyl to a-, sec.-, 
and fert.-amy! nitrites, which were examined pharmacologically by Professor J. T. Cash, who, in 
addition to a number of conclusions which have since become familiar features of pharmac« 
logical action in homologous series, showed that the action of the nitrites is not solely, or even 
mainly in some cases, caused by the amount of nitroxy! (NO,) they contain, and suggested that 
the simple nitrites attached themselves more readily to certain constituents of blood and muscle 
and s acted more quickly, whilst their greater stability ensured longer duration of action 
(Cash and Dunstan, PAd/. Trans., 1893, B, 184, 505 A sade issue of this work was the observation 
by Dunstan and Dymond (Proc. Chem. Soc., 1888, 117; /]., 1891, 59, 410) that the action of 
alkali on nitroethane produces acetonitrile, nitrous acid, and 3: 4: 5-trimethylisooxazole, the 
last a type of compound first prepared by Claisen and Lowman (Ber., 1888, 21, 18, 1149). With 
nitromethane, alkalis produce, not an tseoxazole, but methazonic acid, CLH,O,N,, a substance 
first obtained by Lecco (Ber., 1876, 9, 705). It was prepared and examined by Dunstan and 
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Goulding (/., 1900, 77, 1262) who, mainly on the ground that on hydrolysis by alkali or acid it 
‘ uced carbon dioxide, hydroxylamine, and hydrocyanic acid, proposed for 
o Pie ¥" it the annexed formula, but shortly afterwards Scholl (Ber., 1901, 
HO-N suggested that it might be regarded as a nitrogen analogue of acetoacetic acid 
and formulated as CHSNO-CH:NO-OH, and later Meister (Ber., 1907, 40, 3435) 
recorded a number of new reactions for the acid and claimed that it could be represented as 
HON‘CH-CHyNO,, or as its conjugated tautomeride HO-NICH-CH-NO-OH., 

About this time the long-continued discussion on the isomerism of aldoximes was beginning 
and Dunstan and Dymond showed that acetaldoxime, b. p. 114°5", was a mixture of two forms, 
one crystalline, m. p. 46°5°, and the other liquid, of which the latter was not obtained quite free 
from its isomeride. Both were interconvertible and much less stable than the two benzaldoximes 
but such experimental! evidence as could be obtained indicated that they corresponded to the 
anti- and syn-aldoximes respectively. Propaldoxime and isobutaldoxime were also each 
separated into anfi- and syn-forms (/., 1892, 61,470; Proc. Chem. Soc, 1892, 135; ]., 1804, 65, 
206; cf. Carveth, J. Physical Chem., 1898, 2, 159). In the period 1896---1901, in collaboration 
with E. Goulding, Dunstan published six papers dealing with the action of alkyl halides on 
hydroxylamine and on oximes. With the former, action is most complete with methy! iodide, 
which produces di- and tri-hydroxylamine hydriodides, and trimethylhydroxylamine hydriodide, 
(CH,),NO,HI, later called trimethyloxamine or trimethylamine oxide hydriodide. With ethyl, 
»-propyl, or isopropyl! iodide only the dialkylhydroxylamine is formed at the first stage but the 
triethyl compound can be got by further action of the alkyl iodide, though this does not happen 
with the di-n-propyl and dissopropyl compounds. These trialkylated substances were the first 
examples of aliphatic amine oxides, and it was later found that they could be produced by the 
action of hydrogen peroxide on trialkylamines and that by like means dialkylamines could be 
converted into the dialkylhydroxylamines (Alk),N-OH, except in the case of dimethylamine, 
which instead was oxidised to formaldehyde and formic and nitrous acids (/., 1896, 69, 639; 
1899, 75, 792, 1004; 10901, 79, 641). Also, with E. Goulding as collaborator, Dunstan investi- 
gated the action of alky! iodides on a series of aldoximes and ketoximes alone and in presence of 
sodium methoxide in methyl! alcohol. In the former case N-alky! derivatives, then represented 


f-O7 
as alkylisooximes, ¢.g., the alkylisoaldoximes R-CH—NR’, were alone formed, whereas in presence 


of alkali the isomeric ethers, ¢.g., the alkylaldoximes, R<CHIN-OR’, were also produced, the 
relative proportions of the two isomerides varying with the nature of the oxime and the alkyl 
iodide used (J., 1897, 71, 573; 1901, 79, 628). 

Of the remaining investigations probably the most important is that of the aconite alkaloids, 
on which eighteen papers were published during 1891—1905, with several collaborators, notably 
W. H. Ince, J. C. Umney, F. W. Passmore, F. H. Carr, H. A. D. Jowett, E. F. Harrison, T. 
Tickle, H. M. Read, and A. E. Andrews. The early workers on aconitine, Alder Wright in this 
country and Jurgens in Germany, adopted for the alkaloid the formula C,,H,,0,,N or C,,H,,O,,N, 
and C,,H,,O,,N was found by Dunstan and Ince. Up to that time aconitine had been 
as benzoylaconine, isomeric with the substance variously named picraconitine, isaconitine, or 
benzaconine. In 1892 Ebrenburg and Purfurst (J. pr. Chem., 1802, 46, 604) showed that, when 
heated dry, aconitine loses acetic acid, and this was later confirmed by Dunstan and Carr (/., 
1894, 65, 176) who isolated and characterised the resulting pyraconitine, C,,H,,O,.N. Mean- 
while Freund and Beck (Ber., 1894, 27, 433, 720) had found that the empirica! formula of 
aconitine should be C,,H,,O,,N, which after some discussion was accepted by the English 
workers, and both protagonists agreed that aconitine was acetylbenzoylaconine. It thus became 
the prototype of the highly toxic diacylaconines characteristic of many aconites of which 
pseudaconitine from Nepau! aconite was shown to be acetylveratroylpseudaconine (Dunstan and 
Carr, J., 1897, 71, 350), indaconitine from A. chasmanthum to be acetylbenzoylpseudaconine 
(Dunstan and Andrews, ]., 1905, 87, 1620), bikhaconitine from A. spicatum to be acetylveratroyl- 
bikhaconine (Dunstan and Andrews, ibid., p. 1636), and japaconitine from Japanese aconite to 
be acetylbenzoyljapaconine (Dunstan and Read, J., 1900, 77,49). All these alkaloids and certain 
of their derivatives were examined pharmacologically by Professor Cash, and the detailed 
results communicated to the Royal Society (Cash and Dunstan, Pail. Trans., 1898, B, 190, 239; 
1902, B, 195, 39, 97; Proc. Roy. Soc., 1906, B, 76, 468; see also Cash, Brit. Med. J., 1908, 
I, 1213) 

The series of papers on “ Cyanogenesis in Plants” arose out of the poisoning of domestic 
animals in Egypt by Lotus arabicus, a plant which when fully ripe is collected by the Arabs as 
fodder for cattle but which had long been known to be poisonous in the early stages of growth. 
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It was found that dried immature plants when ground and moistened with water produced a 
strong odour of prussic acid. This cyanogenetic action was traced to the action of an enzyme, 
lotase, on a glucoside, lotusin, which produced prussic acid, dextrose, and a yellow pigment, 
loteflavin (Dunstan and Henry, Phil. Trans., 1901, B, 194, 515). It was not easy in those days 
to get collected in good condition the considerable supply of material required for chemical 
examination and though a fair quantity of this plant became available it arrived in small 
quantities, in which the yield of prussic acid varied, and the plant was sometimes mature enough 
to yield only traces. The total amount of lotusin obtained was small in comparison with the 
yield of prussic acid from dried young plants in good condition, and this deficiency is stil! not 
accounted for in the preliminary account of a re-examination of the plant started just before 
the outbreak of war (Henry, /. Soc. Chem. Ind., 1938, 57, 248), in which a well-defined pigment 
glucoside, C,,H,,O,,, was isolated along with the cyanogenetic glucoside, lotaustralin, which 
Finnemore, Cooper, and Stanley (+:d., p. 162) first obtained about the same time from the related 
plant Lotus australis var, pubescens. in this second investigation in which acetone was used as 
the extracting medium in place of alcohol, no lotusin was isolated but the residual extracts still 
contained much cyanogenetic material. The second plant examined was “ dhurra ” (Sorghum 
vulgare) from Egypt. In this case also the toxic substance disappears as the plant matures and 
there is none in the seed, which is a common tropical food-grain. The cyanogenetic glucoside in 
this case was named “ dhaurrin ” and proved to be a glucoside of p-hydroxybenzaldehyde cyano- 
hydrin. An easier material to deal with was the seeds of Phaseolus lunatus, which as collected from 
the semi-cultivated plant, grown as a green manure in Mauritius, are brown with violet patches 
and poisonous, as distinct from the white and harmiess * Lima beans,” yielded by the carefully 
cultivated plant. Previous observations by Bonamé in Mauritius and by van Komburgh in Java 
had shown that this plant when crushed, moistened with water, and distilled yielded acetone 
and prussic acid. The formation of these products was traced to the action of an enzyme on 
phaseolunatin, which proved to be a glucoside of acetone cyanohydrin (Dunstan and Henry, 
Proc. Roy. Soc., 1903, B, 72, 285) which was later also isolated from cassava root and from young 
flax plants (Dunstan, Henry, and Auld, Proc. Roy. Soc., 1906, B, 78, 145, 152; 1907, 79, 315), 
and the linamarin obtained from flax by Jorissen and Hairs (Bull. Acad. Roy. Belg., 1891, [iii), 
21, 529) was shown to be identical with phaseolunatin 

Among other natural products examined mention may be made of the Egyptian plant 
Hyoscyamus muticus, which was shown to contain hyoscyamine without hyoscine (Dunstan and 
Brown, J., 1899, 75, 72) and has now for many years been a commercial! source of atropine 

Dunstan also made an excursion into inorganic chemistry in a group of papers on the rusting 
of iron, in which he maintained that the essentia) condition for the aerial oxidation or rusting 
of iron and other metals is the simultaneous presence of oxygen and liquid water, that carbon 
dioxide facilitates but does not initiate the process, and that agents such as alkalis, potassium 
dichromate, sodiam nitrite, and potassium ferrocyanide, which prevented, to a greater or less 
extent, the formation of rust were also agents in whose presence the decomposition of hydrogen 
peroxide occurs, from which he deduced that hydrogen peroxide is an essential intermediary in 
the formation of rust and that in the case of iron the process may be represented 


Fe » + H,O =~ FeO + H,O,; 2FeO + H,O, — Fe,O,(OH), 

Though this view (Proc. Chem. Soc., 1903, 19, 150) was supported by much experimental 
evidence (Dunstan, Jowett, and Goulding, ]., 1905, 93, 1548) it led to considerable discussion. 
Up to that time the findings of Grace Calvert (Manchester Lit. Phil. Mem., 1871, 5, 104) 
as interpreted by Crum Brown (J. /rom Steel Inst., 1888, 129), that rusting was due to the 


combined action of the carbon dioxide and oxygen of the air, had not been questioned and it was 


assumed that the iron carbonate first formed was gradually converted into a ferric hydroxide 
or rust by the further action of atmospheric oxygen That theory was now supported by G. T. 
Moody and his notes led to interesting discussions at meetings of the Society (Proc. Chem. Soc., 
1903, 19, 157, 239, 275 1906, 22, 101; 1907, 23, S84; 10009, 25, 34; /., 1906, 89, 720: cf. 
Dunstan, /'r Chem, Soe., 1907, 23, 63 An electrolytic explanation of the corrosion of iron 
was advanced by Whitney (/. Amer. Chem. Sx 1903, 25, 304) and received some support from 
Walker, Cederholm, and Beut in the United States (:+rd., 1907, 29, 1251) and from Tilden in this 
country (/., 1008, 98, 1356 Experimental evidence against both these theories was provided 
by Dunstan ef al. U !.) and, in returning to the subject, Dunstan and J. R. Hill (/., 1911, 99, 
1835, 1853) emphasised that " none of the existing theories adequately explains how the various 
inhibiting agents prevent rusting "' and in the first of the two papers quoted they record the 


, } 


results of a number of new experiments showing that all these inhibitors act by rendering iron 
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“ passive " and that this passivity persists after removal of the iron from the solution causing it. 

It was also suggested that, as potassium iodide and certain other reducing agents destroy 

hydrogen peroxide and yet do not inhibit rusting, the peroxide is probably not an intermediate 

product of the main reaction as originally postulated but may be the result of a secondary 

reaction, since oxidation can apparently proceed without its formation, and they conclude that 
“ metals undergo aeria! oxidation by direct action of oxygen dissolved in water.’ 

In 1899, largely under Dunstan's influence, a Research Laboratory was inaugurated by the 
Pharmaceutical! Society, by addition to their premises in Bloomsbury Square, and most of the 
work referred to above was started in that institution and was transferred to, and continued in, 
the Scientific and Technical Department of the Imperial Institute when Dunstan moved there 
in 1896. The Institute was founded to commemorate the fiftieth year (1887) of Queen Victoria's 
reign and was opened by Her Majesty in 1893, by which time some progress had been made in 
installing in the Public Exhibition Galleries representative collections of the natural products of 
the Colonies and India, and it was possible to begin giving attention to the second objective of 
the Institute, the scientific examination of new or little known products from the Overseas 
Empire. The Institute was severely handicapped by lack of funds but the first Director, Sir 
Frederick Abel, found it possible to secure the co-operation of a number of eminent men of 
science, who undertook to examime in their own laboratories materials provided by the Institute. 
Much useful work was done under this arrangement, ¢.¢., by Dr. A. W. Crossley and Mr. Le Sueur 
on Indian vegetable oils, by Professor W. C. Unwin on mechanical tests of new timbers, by 
Professor A. H. Church on the composition of Indian food-grains, by Messrs. Cross and Bevan 
on new fibres, and by Professors A. G. Perkin and J. J. Hummel respectively on the components 
and the tinctorial properties of Indian dye-stufis. This arrangement was continued when, 
thanks to the generous financial help provided by the Commissioners of the 1851 Exhibition, the 
Goldsmiths’ and Salters’ Companies and other donors, it was possible to equip and operate the 
laboratories of the Scientific and Technical Department on Dunstan's assumption of the 
Directorship in 1896. During the first few years it was still possible to carry on mainly detailed 
investigations such as those already referred to, but as the facilities offered by the Institute for 
the examination of natural products became better known in the Colonies and India, thanks to 
Dunstan's organizing ability and driving power, the character of the work done had perforce to 
change, as will be seen in the volume of “ Technical Reports and Scientific Papers “ published by 
the Imperial Institute in 1903, which opens with an interesting preface by Sir Frederick Abel 
describing the inception of the Institute and the objectives which its founders had in view. 
Part | of the volume is a series of reports on coals, iron ores, mica, and other minerals, followed 
by collected reports on fibres, edible and essential oils and oil-seeds, rubber and gutta percha, 
gums and resins, medicinal] plants and tobacco, tanning and dyeing materials, fodder plants and 
food-grains, and timbers, many of the items being provided by the scheme of co-operation with 
the external expert referees referred to above. From 1903 the more important technical reports 
of the Department were published in the quarterly Bulletin of the Imperial Institute but in 
the period 1909-1914 a further group of five collected reports, with Dunstan as responsible 
editor and dealing with Fibres, Gums and Resins, Foodstuffs, Rubber and Gutta Percha, and 
Oil-seeds, Oils, Fats, and Waxes, was issued in the Miscellaneous Series of Colonial Reports. 
Also printed in this series was the  Keport on British Cotton Cultivation,” which with Dunstan's 
prior “ Report to the Board Trade on Cotton Cultivation in the British Empire and Egypt” 
(1904) indicates the part played by the Imperial Institute, when, in the early years of this 
century, there was a prospective shortage of raw cotton and strenuous efforts were made to 
increase cultivation of this commodity within the Empire. In the same connection Dunstan 
also paid official visits to Cyprus and Asia Minor and prepared reports, published in the same 
series, on the agricultural resources of those areas with special reference to cotton cultivation. 
He was also responsible for another important development in the exploration and utilisation of 
Colonia! natural resources, viz., the institution of Mineral Surveys in Ceylon, Southern Nigeria, 
Northern Nigeria, and Nyasaland. These were conducted by geological surveyors operating in 
the territories named, and the mineral samples collected by them were sent to the Imperial 
Institute for mineralogical and chemical examination. Reports on this work were also 
in the Miscellaneous Series of Colonial Reports. Among the more interesting results were the 
discovery of thorium minerals, especially the new mineral! thorianite (Dunstan, Nature, 1904, 69 
510; with G. S. Blake, Proc. Roy. Soc., 1905, A, 16, 253; with B. M. Jones, ibid., 1906, A, 77, 
346) in Ceylon by Dr. Coomaraswamy, the location of beds of lignite and of the now important 
Udi coalfield in Southern Nigeria by Mr. A. E. (later Sir Albert) Kitson, and of deposits of iron 
ore in Northern Nigeria by Dr. J. D. Falconer who subsequently became Director of the Geological 
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Survey of Nigeria and is the author of a monograph on The Geology and Geography of 


ion regarding the natural resources of the 
Overseas Empire as an important function of the Imperial Institute, and a section of the 
quarterly Bulletin was always allocated for this purpose. This also was the idea behind 
three series of publications issued by Mr. John Murray, namely 
The Imperial lastitute Handbooks to the Commercial Seameen of the Tropics,” of which 
four volumes were issued with Dunstan as Editor. 

“ The Impernal! Institute Monographs on Mineral Resources with special reference to the 
British Empire.” Fifteen of these, cach dealing with one set of minerals, were prepared under 
the direction of the Mineral Resources Committee of the Imperial Institute. 

A senes of reports on rice, lac, turpentine, oil-seeds, etc., resulting from the Indian Trade 
Enquiry authorised by the Secretary of State for India in 1916. 

The Bulletin of the Imperial Institute for 1923 contains a long and detailed Report on the 
Operation of the Imperial [nstitute,"’ which deals with the organization and work of the Institute 
up to a date shortly before Dunstan's retirement. It is an interesting account of the foundation 
and progress of an organisation concerned with this important phase of colonial economic 
development, to which he devoted nearly two-thirds of his working life. 

Dunstan was a Fellow of the Chemical Society for 70 years, having joined in 1879; he served 
on the Counci! in 1889 to 1891 and was Secretary from 1893 to 1903 and a Vice-President from 
1f4 to 1906. He became a Fellow of the Royal Society in 1893 and was a member of the 
Council from 1905 to 1907, He presided over the Chemical Section of the British Association 
at the meeting held in York in 1906. In 1910 he became President of the International 
Association of Tropical Agriculture, which had its headquarters in Paris, and in that capacity 
was President of the Third International Congress of Tropical Agriculture, held at the Imperial 
institute in 1914, just before the outbreak of the First World War. He also served on the 
Council of the Royal Geographical Society in 1916. Dunstan was fond of travel. As already 
mentioned he visited Cyprus in 1904 and Asia Minor in 1907 at the request of the Colonial 
Office and, at the invitation of the respective governments, he undertook similar missions to 
Ceylon in 1910 and 1914, India in 1914, and Newfoundland in the same year. 

Dunstan was an excellent lecturer and in his teaching days was always popular with his 
students. He was interested in education, especially in science teaching, and this led to his 
service as Secretary of the British Association Committee dealing with that subject from 1887 to 
1s@l. It was also no doubt this interest which led to his serving at various times on the 
governing bodies of constituent colleges of London University and to his becoming a Vice- 
President of the Girls’ Public Day School Trust. 

Dunstan was also concerned with philosophy and in an article on © Our Quest for Philosophy 
and what came of it,” contributed to the Hibbert Jowrnal for July 1942, he describes his 
association with Dr. Alfred Senier in the foundation of the Aristotelian Society of which he was 
one of the first three Vice-Presidents, and for a time he edited the Society's Proceedings. 

He was also an honorary member of the Institut Egyptien, and a Cormmander of the Order of 
Leopold of Belgium 

He was made C.M.G. in 1913 and K.C.M.G. on his retirement in 1024 

Dunstan was marned twice. in 1886 to Emilie Fordyce Maclean, who died in 1893 leaving a son 
and a daughter, and in 1900 to Violet Hanbury-Tracy, who survives him with a second daughter. 

T. A. Henry. 
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ORDER OF PREFIXES 


When given as prefixes, the names of substituents 


in organic chemical compounds will, in future, be 


arranged alphabetically. Detgils are set out on the 
loose sheet enclosed in this issue of the Journal. 
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